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This paper surveys the teaching of university-level mathematics in various London institu-
tions during the reign of Queen Victoria. It highlights some of the famous mathematicians
who were involved for many years as teachers of this mathematics, including Augustus De
Morgan, James Joseph Sylvester, and Karl Pearson. The paper also investigates the wide
variety of teaching establishments, including mainly academic institutions (University College,
King’s College), the military colleges (Royal Military Academy, Woolwich and Royal Naval
College, Greenwich), the women’s colleges (Bedford and Queen’s), and the technical colleges
and polytechnics (e.g., Central Technical Institute) which began to appear during the latter
part of this period. A comparison of teaching styles and courses offered is a fruitful way of
exploring the rich development of university-level mathematics in London between 1837 and
1901.  1996 Academic Press, Inc.
Cet ouvrage examine dans son ensemble l’enseignement mathe´matique au niveau universi-
taire dans diverses institutions a` Londres pendant la re`gne de la Reine Victoria. Nous soulig-
nons quelques mathe´maticiens ce´le`bres qui participe`rent dans ce milieu, par exemple, Au-
gustus De Morgan, James Joseph Sylvester, et Karl Pearson. En plus, nous analysons les
diverses grandes e´coles d’enseignement, y compris surtout des institutions acade´miques (Uni-
versity College, King’s College), des e´coles militaires (Royal Military Academy, Woolwich
et Royal Naval College, Greenwich), des e´coles de femmes (Bedford et Queen’s), et
des e´coles techniques et polytechniques (par exemple, Central Technical Institute) qui
commenc¸aient a` apparaıˆtre durant la dernie`re partie de cette pe´riode. Une comparaison
des cours enseigne´s et des diffe´rents styles pe´dagogiques utilise´s nous fournit un moyen
pour e´tudier le de´veloppement riche des mathe´matiques au niveau universitaire a` Londres
entre 1837 et 1901.  1996 Academic Press, Inc.
In dieser Arbeit wird die mathematische Lehre auf Universita¨tsniveau an verschiedenen
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der zweiten Ha¨lfte dieses Zeitabschnittes entstanden. Ein Vergleich der Lehrtechniken
und der angebotenen Kurse bietet eine fruchtbare Methode, die reiche Entwicklung der
Mathematik auf Universita¨tsniveau in London zwischen 1837 und 1901 zu erforschen.
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1. INTRODUCTION
A discussion of any aspect of Victorian London is necessarily complex. In common
with its subject, it must cover a vast area, for the London of 1837 was very different,
in both size and character, from the huge metropolis which had evolved by the
turn of the century. For a consideration of mathematics in the capital at this time,
it is therefore essential to limit one’s attention to some particular aspect of the
topic in order to avoid producing an unduly prolonged and possibly less informed
version of the present work. Consequently, three related aspects of London mathe-
matics are omitted: firstly, mathematics at school or elementary level; secondly, at
the other end of the spectrum, research-level mathematics; and finally, networks
of communication between mathematicians such as mathematical societies. It should
also be stressed that the current work is intended purely as an overview of higher
mathematical education in London at this time: far more research remains to be
done. This paper concentrates solely on the teaching, at the university level, of
mathematics in London between the years 1837 and 1901 and the mathematicians
who taught it.
In 1837, at the start of the longest single reign to date in British history, London
was served by only three institutions for the teaching of higher level mathematics.
The first was University College London. Founded in 1826 as the London University,
it opened for lectures on Gower Street, then on the northern edge of London, in
1828. Its inauguration had been significant in three respects: it was the first university
to be founded in England since the Middle Ages; it had an innovative secular
character; and, until its foundation, London had been the only major European
capital city without a university. However, it was a university in name only. Being
distinctly radical for its time, the new institution was viewed with deep misgivings
by the Establishment of the day and was refused a Royal Charter. As a result, the
London University was in the unusual position of being unable to award degrees,
conferring ‘‘Certificates of Honour’’ on its graduates instead.
The second main establishment for higher education in the capital was set up as
a direct consequence of the first. Disturbed by the secular nature of the ‘‘godless
institution of Gower Street’’ [26, 31], several leading political and religious figures
established a rival body in 1829. To reflect its distinctly pro-Establishment creden-
tials, it was named the King’s College with the approval of the king, George IV.
It opened on the Strand, in central London, in 1831, offering similar tuition to that
of its rival but with the addition of compulsory lectures in theology. Moreover, to
be eligible for membership of the college, it was necessary to conform to the 39
articles of the Church of England—although anyone was permitted to attend lec-
tures on payment of the requisite fee. Yet despite its conservative nature and royal
patronage, King’s College was equally impotent in the matter of conferring degrees,
its graduates becoming only Associates of King’s College, or A.K.C.
The rivalry of the two colleges was at least partially resolved in 1836 with the
Whig government’s creation of the present University of London. This was founded
purely for the purpose of examining students from the two London colleges and
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awarding degrees. Tuition was excluded from its functions, being still the province
of the two colleges, and, in order to avoid confusion, the teaching college previously
known as the London University changed its name to University College London.
This situation remained unaltered throughout the century. However, as will be
seen, the number of teaching bodies affiliated to the University of London was
to change dramatically by the end of our period, as was the character of the
University itself.
The third and final institution offering instruction in university-level mathematics
was of a very different character. Indeed, formally speaking, during the entire
Victorian period, it lay outside London. However, its adjacency to the capital and
the many institutional and personal links between it and the rest of London make
it an important constituent of this study. This was the Royal Military Academy in
Woolwich. Founded by George II in 1741, for nearly a century it had been
‘‘instructing the people of the Military branch of the Ordnance . . . [in] whatever
may be necessary or useful to form good Officers of Artillery and perfect
Engineers’’ [6, 2]. Subjects studied by the cadets included fortification and
artillery, as well as drawing, chemistry, French, fencing, and dancing. However,
it was the study of mathematics and its applications which particularly dominated
the course.
Unlike the students of mathematics at University or King’s Colleges, the gentle-
men cadets of Woolwich were not studying for degrees or academic qualifications;
they were competing for commissions in either the Royal Artillery or the Engi-
neering Corps of the British Army. Admissions procedures at the Military Academy
were somewhat more stringent than at its academic counterparts. Entry was by
examination between the ages of 14 and 17, with candidates being required to
be perfect in Euclid Book I and have a knowledge of algebra up to the solution
of linear equations in two unknowns, in addition to other requirements in
classics, French, history, geography, and drawing. However, as will be shown,
neither the mathematics course offered by the professors nor the performance
of the cadets matched the standard one would expect from such scrupulous
requirements.
This, then, was the situation in London for university-level mathematics in 1837.
Choice was indeed limited: either academic or military. The educational needs of
upper- and middle-class young men were certainly well provided for, but as far as
women or the working classes were concerned, the situation was highly unsatisfac-
tory. The creation of the London Mechanics’ Institute in 1823 (and similar bodies
across the country thereafter) had provided the foundations of further education
for artisans, but academically remained far inferior to the middle-class colleges.
For women, no higher educational body existed at all. But the Victorian period
was to witness great changes, not least in the improvement of the range, choice,
and availability of higher education to previously neglected sections of society.
An excellent illustration of these changes is found in the development of higher
mathematical instruction in the capital, and it is to a review of such tuition and the
institutions concerned that we now proceed.
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TABLE I
UNIVERSITY COLLEGE PROFESSORS 1837–1901
Mathematics Natural Philosophy
1837 Augustus De Morgan James Joseph Sylvester
1841 Richard Potter
1843 Charles Brooke
1844 Richard Potter
Mathematical Physics
1865 Thomas Archer Hirst
Pure and Applied Mathematics
1867 Thomas Archer Hirst
Pure Mathematics Applied Mathematics
1868 Thomas Archer Hirst Benjamin T. Moore
1870 Olaus Henrici
1871 William Kingdon Clifford
1880 Richard Charles Rowe Olaus Henrici
1884 M. J. M. Hill Karl Pearson
2. THE ACADEMIC INSTITUTIONS
The first professor of mathematics at University College was Augustus De Morgan
(1806–1871) [12, 14: 331–334; 38, 19–33], best known to mathematicians today for
his research in algebra and logic, and especially for the De Morgan Laws. Educated
at Trinity College, Cambridge, where he graduated as fourth wrangler in 1827, he
had been appointed professor in 1828 at the age of only 21 [43]. A man of high
principle, he resigned his post three years later over the dismissal of a colleague,
only to return in 1836 following the accidental death of his successor. It was another
30 years before he resigned again, in 1866, over a question of the college’s adherence
to its policy of religious neutrality. This time, however, his resignation was final;
he delivered his last lecture in the summer of 1867, and so fundamental was the
point at issue that he never entered the college again. As far as he was concerned,
‘‘our old College no longer exists’’ [11, 360].
De Morgan’s mathematics course was designed to be studied over two or three
years, his students being divided into four groups. There was a junior and senior
class (or ‘‘year’’ as we would now term it), each with a lower and a higher division.
The level at which students entered depended on their previous attainments; for
example, the requisite knowledge for entrance to the lower junior class was knowl-
edge of the four rules of arithmetic and some experience of vulgar fractions. Students
were free to attend lectures of any group provided the professor was satisfied that
they had adequately covered the material of the preceding division. From the
evidence afforded by published syllabi, the University College mathematics course
does not seem to have changed a great deal in the period of De Morgan’s tenure.
However, study of examination papers and ex-students’ memoirs reveals that he
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taught much more than was indicated in the college calendars, presumably seeing
no reason to update his original outline. Officially, the course was as follows [52,
7–8, 23–24; 53, 19, 35; 56, 6–7]:
JUNIOR CLASS, LOWER DIVISION: i) Arithmetic and the arithmetical theory of proportion
ii) Euclid, Books 1–4
iii) 6th Book of Euclid.
iv) First book of Solid Geometry in Lardner’s Euclid
v) Algebra, arithmetically considered, up to equations of
the first degree.
JUNIOR CLASS, HIGHER DIVISION: i) Euclid, Books 5 and 6.
ii) First book of Solid Geometry in Lardner’s Euclid
iii) A review of the principles and operations of arithmetic
iv) Algebra (including the nature and use of logarithms)
v) Plane trigonometry (including mensuration).
SENIOR CLASS, LOWER DIVISION: i) Spherical trigonometry
ii) Conic sections
iii) Application of algebra to geometry
iv) Higher parts of algebra
v) Differential and integral calculus
SENIOR CLASS, HIGHER DIVISION: Extension of subjects in the Lower Senior Class.
"Subjects which all must learn who wish to become analysts,
whether for Engineering or any other pursuit."
This final class was reserved for the exceptionally capable (and keen) mathemati-
cians, who were treated to advanced applications of the differential and integral
calculus, differential equations, the calculus of variations, and some probability
theory. Pupils’ memoirs also include references to number theory, theory of equa-
tions, and double algebra. We may conclude that, despite the official syllabus, the
course De Morgan was offering at University College was an extensive mathematical
programme; for a student to have progressed from elementary arithmetic to the
calculus of variations in two to three years is quite an accomplishment. Yet, incom-
plete though the college calendars’ course summaries are, they do give us an excel-
lent idea of De Morgan’s conception of how his students should approach their
subject:
The Professor takes this opportunity to remind all who enter his Class, that nothing can be
more erroneous than the impression that much can be done by merely attending the Lectures.
Unless such attendance be accompanied by regular Study of the Books recommended, and
attention to the Exercises given out in the Class-room, he cannot guarantee that any pupil
shall find himself able to keep up with the Class. [52, 8; 53, 20; 56, 7]
Student recollections also reveal how conscientiously the Professor discharged
his duties:
De Morgan was far from thinking the duties of his chair adequately performed by lecturing
only. At the close of every lecture in each course he gave out a number of problems and
examples illustrative of the subject which was then engaging the attention of the class. His
students were expected to bring these to him worked out. He then looked them over, and
returned them revised before the next lecture. Each example, if rightly done, was carefully
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marked with a tick, or if a mere inaccuracy occurred in the working it was crossed out, and
the proper correction inserted. If, however, a mistake of principle was committed, the words
‘‘show me’’ appeared on the exercise. The student so summoned was expected to present
himself on the platform at the close of the lecture, when De Morgan would carefully go over
the point with him privately, and endeavour to clear up whatever difficulty he experienced.
The amount of labour thus involved was very considerable, as the number of students in
attendance frequently exceeded one hundred. [11, 99]
Due perhaps to his own experiences at university, De Morgan had very strong
opinions on student assessment and testing. While firmly agreeing with the need
for examinations, he was severely critical of their competitive nature, believing
competition to be worthless as a system for either producing or revealing the best
scholar; he always refused to examine papers by allocating marks. He contrasted
the system of examinations practised at Cambridge, in which the candidate was
examined against his competitors, with the Oxford practice, as he saw it, of examin-
ing the student against his subject. He wrote in 1853:
The Oxford system has a tendency to develop the useful differences between the varied types
of human character. The Cambridge system is an unconscious effort to destroy them. I shall
not be suspected of any original bias against the Cambridge system. I once thought that the
race for the place in the list was a valuable part of that system, but I have slowly arrived at
the full conviction that the Oxford plan is greatly superior. The system of private tutors, the
drill in writing out, and the mode in which so many of the elementary books are got up, are
well worthy the attention of all who are interested in the subject of this letter. They are the
natural consequences of the personal competition for honours; and if ever the number of
candidates in the University of London should bear any considerable proportion to that in the
University of Cambridge, the same cause will produce the same effect. [11, 226]
To those who asked what would be the stimulus if competition were removed, his
reply was simple: ‘‘No stimulus is needed beyond their own pleasure in learning;
and if a teacher cannot make them feel this, he does not deserve the name of
teacher’’ [11, 170]. The content and structure of the Cambridge Tripos met with
his stern disapproval, being in his opinion ‘‘nothing but a hard trial of what we
must call problems—since they call them so’’ [10, 3]. It was this emphasis on problem
solving that De Morgan regarded as a fundamental weakness of the Cambridge
examination system, since this practice, in his opinion, did not adequately encourage
a thorough knowledge of the subject:
The whole object seems to be to produce problems, or, as I should prefer to call them, hard
ten minute conundrums. These problems, as they are called, are, and are necessarily obliged
to be, things of ten minutes or a quarter of an hour. It is impossible in such an examination
to propose a matter that would take a competent mathematician two or three hours to solve,
and for the consideration of which it would be necessary for him to draw his materials from
different quarters, and see how he can put together his previous knowledge, so as to bring it
to bear most effectually on this particular subject. [10, 4]
Examination questions, he believed, should be tailored to elicit the thought and
mental power of the student rather than to show off the examiner’s own per-
sonal ingenuity.
He thus did everything in his power to avoid putting undue pressure on his
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students by encouraging and developing real understanding as opposed to ‘‘cram-
ming’’ knowledge. As one ex-student later recalled:
The amount of time spent on any one subject was regulated exclusively by the importance
which De Morgan held it to possess in a systematic view of Mathematical science. The claims
which University or College examinations might be supposed to have on the studies of his
pupils were never allowed to influence his programme in the slightest degree. He laboured to
form sound scientific Mathematicians, and, if he succeeded in this, cared little whether his
pupils could reproduce more or less of their knowledge on paper in a given time. On one
occasion when I had expressed regret that a most distinguished student of his had been beaten,
in the Cambridge Mathematical Tripos, by several men believed to be his inferiors, De Morgan
quietly remarked that he ‘‘never thought ------- likely to do himself justice in THE GREAT
WRITING RACE.’’ All cram he held in the most sovereign contempt. I remember, during
the last week of his course which preceded an annual College examination, his abruptly
addressing his class as follows: ‘‘I notice that many of you have left off working my examples
this week. I know perfectly well what you are doing; YOU ARE CRAMMING FOR THE
EXAMINATION. But I will set you such a paper as shall make ALL YOUR CRAM of no
use.’’ [3, 82; 11, 100–101]
Mathematics at University College under De Morgan was stimulating but never
easy. Even his brightest pupils (and he had many) had to struggle to keep up.
Walter Bagehot (1826–1877), later to find fame as a political and constitutional
writer, was a student in the 1840s. He wrote in 1843: ‘‘De Morgan has been taking
us through a perfect labyrinth lately; he was quite lost by the whole class for one
lecture, but we are, I hope, getting better, and more gleg [astute] at the uptake.
We have been discussing the properties of infinite series, which are very perplexing’’
[2, 118]. Seventeen years later, the economist and logician, William Stanley Jevons
(1835–1882), recounted: ‘‘We were delighted the other day when, in the higher
senior, he at last appeared conscious that a demonstration about differential equa-
tions, which extended through the lecture, was difficult; he promised, indeed, to
repeat it. But then one is disappointed to find that the hardest thing he gives in
any of his classes is still to him a trifle, and that the bounds of mathematical
knowledge are yet out of sight’’ [34, 150].
Other notable De Morgan pupils include the prolific textbook author, Isaac
Todhunter (1820–1884); Cambridge Tripos coach, E. J. Routh (1831–1907); and
the originator of the Four Colour Problem, Francis Guthrie (1831–1899). A fuller
list of distinguished University College mathematics students can be found in Table
II. Among De Morgan’s last students were the astronomer, Arthur Cowper Ranyard
(1845–1894), and the Professor’s own son, George Campbell De Morgan (1841–
1867). These two young men were jointly responsible for the founding of the
University College Mathematical Society in 1864. This quickly evolved into the
London Mathematical Society and continued to meet at University College with
Professor De Morgan as its first president throughout its first two years [44].
The Society’s second president, by coincidence, had also been one of De Morgan’s
first students, albeit briefly, when the college first opened for lectures in October
1828. The Jewish mathematician, James Joseph Sylvester (1814–1897) [12, 55: 258–
260; 38, 107–121], attended De Morgan’s lectures at the new London University
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TABLE II
PRINCIPAL UCL STUDENTS
1. James Joseph Sylvester (1828–1829)
2. Isaac Todhunter (1838–1842)
3. Walter Bagehot (1842–1845)
4. Richard Holt Hutton (1842–1845)
5. Edward John Routh (1846–1849)
6. Francis Guthrie (1846–1850)
7. Frederick Guthrie (1849–1852)
8. Robert Bellamy Clifton (1851–1855)
9. William Stanley Jevons (1851–1853 & 1859–1861)
10. Jonas Ashton (1857–1860)
11. George Campbell De Morgan (1857–1861)
12. Arthur Cowper Ranyard (1860–1863)
13. Numa Edward Hartog (1861–1864)
14. Walter William Rouse Ball (1867–1870)
15. Micaiah John Muller Hill (1872–1875)
16. George Ballard Mathews (1878–1879)
17. Sophie Bryant (1880–1881)
18. Philippa G. Fawcett (1885–1887)
19. Alice Lee (1885–1891)
20. Louis Napoleon George Filon (1893–1898)
for its first five months at the age of only 14. Yet even during this short period of
time he made a substantial impression on his professor. He was withdrawn by his
family in February 1829 on the grounds of his immaturity and inability to control
his volatile temper when taunted by fellow students, presumably for his youth and
religious background. He transferred to the school attached to Liverpool’s Royal
Institution before entering St. John’s College, Cambridge, in 1831. In January 1837,
he was second wrangler in the Tripos, although the University’s religious tests
prevented him from taking his degree and staying on at Cambridge.
Following the early death of William Ritchie, the professor of natural philosophy
at University College, in September 1837, Sylvester applied for the position. Due
no doubt to the good offices of De Morgan—not to mention excellent references
from mathematicians such as Olinthus Gregory from Woolwich and George Peacock
and Philip Kelland from Cambridge—he was elected to the chair and returned to
his old college in October. He did not particularly enjoy teaching natural philosophy,
however, especially the experimental side. In particular, he had great difficulty
drawing diagrams to illustrate his lectures, which even lessons from the college’s
drawing master did not ameliorate. Never being particularly dextrous manually (his
handwriting was appalling), Sylvester avoided the use of instruments when he could,
deliberately keeping his course as mathematical as possible.
The students who attended Sylvester’s University College lectures experienced
natural philosophy as applied mathematics in the Cambridge sense. Topics covered
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included statics, dynamics, hydrostatics, elliptic motion, gravitation, optics, and
astronomy, with little or no reference to heat, electricity, or magnetism. Illustration
of how mathematically inclined Sylvester’s three-year course was can be gleaned
from its prerequisites. For entry into the first year, students were required to have
a knowledge of algebraic notation, proportion, and trigonometric functions. A
familiarity with conic sections, quadratic equations, and spherical trigonometry was
necessary to proceed to the second year; and for the third year, the student needed
analytical geometry and the differential and integral calculus [56, 8].
Despite the intellectual freedom offered by University College and the support
and goodwill of the other professors, especially De Morgan, Sylvester became
increasingly restless and dissatisfied with having to teach applied mathematics,
longing for a pure mathematics chair of his own. In 1841, the opportunity came.
The chair of mathematics at the University of Virginia (where two of Sylvester’s
University College colleagues, George Long and Thomas Hewitt Key, had pre-
viously held professorships) fell vacant. Sylvester applied and was appointed. He
left for America as soon as his duties in London were completed. But all did not
go well, and the next decade saw Sylvester back as a teacher of mathematics
in London.
Sylvester’s successor in the natural philosophy chair was Richard Potter (1799–
1886) [12, 46: 219], who, with the exception of the 1843–1844 session when he was
at King’s College, Toronto, held the professorship until his retirement in 1865.
Initially in business in Manchester, he became interested in experimental science
and began to write papers, one of which, on metallic mirrors, was published in
David Brewster’s Scientific Journal in 1830. Being encouraged to take his studies
further, he entered Queen’s College, Cambridge, where he studied medicine as well
as mathematics, and graduated as sixth wrangler in 1838. In contrast to Sylvester’s,
Potter’s natural philosophy course was far more experimental, his chief interests
lying in that area, as is shown by his 59 papers, chiefly in connection with optics.
He also published a few textbooks on optics, hydrostatics, and mechanics, which
were well respected at the time. However, unfortunately for his students, he turned
out to be quite incompetent as a lecturer. As a former student later recalled, by
the 1860s Potter had become a laughingstock:
The professor was the dearest of old gentlemen with long, silky, silver grey hair, a winning
smile, and a very gentle deprecatory manner. . . . But as a teacher in my day, he had one fatal
defect. He was worn out, he had lost his memory and not a few of his wits. . . . In his mathematical
class the professor was dependent upon his book. Sometimes, ashamed of copying, he would
attempt a few lines on his own, and get hopelessly involved. In despair he would return to his
book and copy the conclusion at the bottom. Some unkind student would point out a non
sequitur in the middle. The dear old man, with a puzzled look, would glance from the blackboard
to his book and from his book to the blackboard, and then turn to his class with an air of
triumph and say, ‘‘But, gentlemen, you see the conclusion is correct. It is a case of compensation
of errors.’’ [3, 263]
Potter’s retirement in 1865, together with De Morgan’s departure two years later,
afforded an opportunity to reorganise the teaching of mathematics at University
College. The chair of natural philosophy was divided into two professorships: experi-
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mental and mathematical physics. The former chair was filled by George Carey
Foster, an old student of the college, the latter by Thomas Archer Hirst (1830–1892)
[20]. Hirst had been mathematics master at the adjoining University College School
since 1860 and was thus already acquainted with many of the other professors. A
Marburg graduate, a fellow of the Royal Society, and an important founding member
of the London Mathematical Society, he had a vast array of mathematical and
scientific friends throughout Europe through whom he was able to keep up to date
with recent mathematical developments.
In 1867, he succeeded De Morgan and, combining this new post with his other
professorship, became professor of pure and applied mathematics. His promotion
was also the occasion of another innovation in the teaching of mathematics at
University College. Whereas De Morgan had taught all classes singlehandedly for
nearly 40 years, Hirst requested and was permitted to employ an assistant to take
his problem classes for him, thus easing his workload. (This assistant was Olaus
Henrici, who will be discussed shortly.) This arrangement lasted for just one year.
In 1868, finding the increased workload an impediment to original research and his
health, Hirst resigned the applied chair in order to concentrate on pure mathematics.
As a result, a new chair, of applied mathematics and mechanics (equivalent to the
old chair of mathematical physics), was created. This new department was soon to
have some very distinguished occupants.
Although Hirst’s tenure as professor was fairly brief, he did manage to institute
two significant changes to the mathematics syllabus. The introduction of the theory
of determinants was one, but the other was even more consequential: the removal
of Euclid from his geometrical classes. As has been well chronicled elsewhere [4;
8; 42, 19–33, 53–63; 45, 161–198], the 19th century was witness to an intense debate
among mathematicians about the value of Euclid as a didactical tool. Hirst sided
firmly with those who urged for its abandonment, concurring fully with Sylvester
that it should be ‘‘honourably shelved or buried ‘deeper than did ever plummet
sound’ ’’ [49, 261]. He pursued his belief with considerable effect, becoming in 1871
the first president of the body established to achieve such a purpose, the Association
for the Improvement of Geometrical Teaching (or A.I.G.T.).
Hirst appears to have been a successful and respected teacher:
His appearance was striking. He was tall, held himself erect, with an almost military air. He
had a long black beard and a great, bald, dome-like forehead. He was a man with whom it
was impossible to imagine the most audacious student venturing to take a liberty. There was
something about him that invested his unlovely subject with dignity, if not with interest. Less,
perhaps, than any of the other professors, did he seem to think of examinations. To him, I
believe, incredible as it sounds, mathematics must have been a solemn, high pursuit; a passion,
if not a religion. Yet with all his aloofness of manner he could be very simple, very patient,
and extremely kind. Certainly to one of his most hopeless pupils he showed himself all three.
[3, 321–322]
Hirst resigned the chair of pure mathematics in 1870, becoming assistant registrar
of the University of London. The idea was that this would give him more time for
research. However, like Sylvester, his name was soon to reappear in the history
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of London mathematical education. His successor was Olaus Magnus Friedrich
Erdmann Henrici (1840–1918), an intriguing and capable mathematician whose
name, like Hirst’s, is somewhat forgotten today. Born in Denmark, Henrici studied
mathematics in Germany from the age of 19, first under Alfred Clebsch at the
Karlsruhe Polytechnicum and then at Heidelberg with Ludwig Otto Hesse. Ob-
taining his doctorate, he moved to Berlin, where he studied under Karl Weierstrass
and Leopold Kronecker. He then became a privatdozent at Kiel University but,
being unable to support himself, came to London in 1865.
Struggling to earn a living, he provided for himself by teaching elementary mathe-
matics to school boys. This experience was to prove invaluable to his subsequent
career, enabling him ‘‘to probe the working of the minds of his pupils’’ [28, xlix]
as well as to develop his own power of expression. Obtaining an introduction
from Hesse to Sylvester, he became acquainted with many of the foremost British
mathematicians of the day, including Arthur Cayley, William Kingdon Clifford,
and Thomas Archer Hirst. In 1867 Henrici became Hirst’s assistant at University
College and, in 1869, was appointed mathematics professor at Bedford College for
women (see Section 3 below). At Easter 1870, Henrici stood in for Hirst, who had
fallen ill; a few months later he was appointed the new professor of pure mathematics
at University College, following Hirst’s resignation. He held the chair for 10 years.
One of the changes Henrici instituted during that time was the introduction of
projective geometry into the pure mathematics syllabus—a radical departure from
the analytically biased Cambridge-style course previously taught. In 1876, an an-
nouncement appeared in the University College Calendar advertising a new course
entitled Modern Geometry and Graphical Statics. ‘‘In this Course,’’ said the prospec-
tus, ‘‘Geometry will be treated by modern as distinguished from Euclidean meth-
ods. . . . One of the great advantages of the purely geometrical methods is that all
operations are performed by constructions, mostly in three dimensions. Thus the
Student learns to realize figures in space, whilst in Coordinate Geometry the geomet-
rical meaning of the algebraical operations is too easily lost sight of’’ [54, 31].
To help his students with this new geometry, Henrici ran classes for geometrical
drawing and the construction of models. He also published a small book, Congruent
Figures (London, 1878), ‘‘with the object of familiarising students from the very
first with those modern methods of which the method of projection and the principle
of duality are the most fundamental’’ [28, xlv]. Henrici can also be given the credit
for introducing vectorial analysis into English mathematical teaching, making much
use of it in his classes. It was as a mathematical teacher that Henrici was primarily
remembered, his success corroborated by student accounts of ‘‘the singular lucidity
of his teaching’’ [28, xlix] and the ‘‘masterly ease and freedom’’ [3, 322] of his expo-
sition.
While the chair of pure mathematics flourished, the department of applied mathe-
matics and mechanics was very much the poor relation. On the creation of the
chair in 1868, Benjamin Theophilus Moore (1830–1899) [57, 4: 450] had been
appointed. A graduate and fellow of Pembroke College, Cambridge (eighth wran-
gler in 1856), Moore had had a varied and distinguished teaching career, being a
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mathematical master at Harrow in the 1850s and professor of mathematics at the
Royal Staff College at Sandhurst from 1859 to 1864. However, at University College
his average class size never rose above 19 and, since this was a time when a
professor’s income was totally dependent on his fees, he resigned in 1870 on the
grounds of inadequate earnings.
The college council then found itself in the predicament of being unable to find
a successor willing to undertake a job with such poor financial prospects. The
problem was eventually solved by the intervention of a council member, Sir Francis
Goldsmid, who, in 1871, offered to guarantee an endowment of £200 per annum
in addition to the income of the chair, thus, very possibly, saving applied mathematics
at University College from early extinction [35, 60–61]. With this new incentive
the council were able to secure the services of possibly the most promising young
British mathematician of the time, William Kingdon Clifford (1845–1879) [12, 11:
82–85; 38, 78–91]. A graduate of the rival King’s College London, Clifford had
entered Trinity College, Cambridge, in October 1863, from where he obtained the
second wranglership and Smith’s prize in 1867. His appointment to the applied chair
at University College was his first and, as it turned out, his last academic position.
In addition to his outstanding contributions to the fields of geometry and philoso-
phy, Clifford was an excellent lecturer, giving enjoyable and (apparently) intelligible
talks on abstruse topics, with only a few brief notes. It seems that he enjoyed this
duty far more than testing the students on what he had taught them. ‘‘The worst
of these examinations,’’ he is reported as saying, ‘‘is that you have to think what
to ask the fellows before you come in, whereas, when you lecture you need not
think at all’’ [26, 106]. Whatever his own opinion may have been, he left a profound
impression not only on those who heard him lecture, but also on the scientific world
at large: ‘‘. . . the word ‘fascinating’ could truly be applied to his oral communica-
tions. . . . So much, however, depended on Clifford’s manner and his imagery, his
gentle voice, rapid diction, and clever way of putting familiar ideas, that it was
afterwards difficult to recall what it was that had made so much impression at the
time’’ [21, 62].
Clifford was one of the first to protest the analytical bias of the Cambridge
mathematical system. Like De Morgan before him, he aimed to teach students not
the analytical solution of a problem, but how to think for themselves. His applied
course at University College (like Henrici’s pure course, with which it ran parallel)
was far more geometrical than those of his predecessors; his lectures introduced to
England the graphical and geometrical methods of Mo¨bius, Culmann, and other
German geometers. Clifford thus shares the credit with Henrici for introducing
graphical statics to English university education.
Although an athlete in his youth, Clifford was afflicted with a fragile constitution
and by 1876 had developed a pulmonary disorder. He died of tuberculosis in 1879
at the early age of 34. For the remainder of the session, Henrici acted as a temporary
replacement before officially transferring to the applied chair in 1880. There he
continued to teach projective geometry, vector analysis, and graphical statics, re-
maining as professor of applied mathematics for another four years before being
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lured away in 1884 to the new Central Technical Institute in South Kensington (see
Section 5 below).
Henrici’s successor in 1880 in the department of pure mathematics had been
Richard Charles Rowe (1853–1884) [57, 5: 369]. Another high wrangler (third in
1877) and former student of Trinity College, Cambridge, Rowe resigned his chair
in 1884 to take up an appointment at his old college. The resignation, we are told,
‘‘was received with universal regret, on account not only of his reputation as a
mathematician but of the singular attraction of his personal character which had
made itself felt both among colleagues and pupils’’ [29, f.6]. His principal mathemati-
cal work while in London was a paper on Abel’s Theorem, published in the Philo-
sophical Transactions of the Royal Society in 1882. Sadly, however, Rowe’s promising
career was cut short before he could enter into his Cambridge duties. He died on
21 September, 1884, a few weeks before the start of the academic year.
He was succeeded by Micaiah John Muller Hill (1856–1929) [57, 3: 372], who
was to remain as professor until 1923. Hill had been a student of Henrici and
Clifford at University College in the early 1870s, taking his B.A. degree in the
University of London and coming first in the mathematical honours list. He entered
Peterhouse, Cambridge, in 1875, graduating as fourth wrangler and joint first Smith’s
prizeman four years later. Following Clifford’s death in 1879, he had briefly returned
to teach mathematics at University College as Henrici’s assistant, before being
appointed professor of mathematics at Mason’s College, Birmingham in 1880. Four
years later, he was back at his old college, where he would stay for the rest of
his career.
Hill’s research concentrated on three main topics: hydrodynamics, differential
equations, and the theory of proportion. This latter subject, involving the critical
reappraisal of the fifth and sixth books of Euclid, was to dominate his later mathe-
matical research. Inspired by problems experienced when teaching students the
theory of proportion, as well as the related studies of Augustus De Morgan, whom
he greatly admired, Hill’s work succeeded in simplifying Euclid’s approach for the
beginner. Unfortunately, coinciding as it did with the period of Euclid’s expulsion
from the classroom, this achievement was never properly appreciated.
Described as ‘‘one of the most commanding personalities’’ [3, 390] of the college,
as a teacher Hill was skilful, methodical, and extremely popular. Infinitely patient,
‘‘he possessed that rare quality, which students so keenly appreciate, of never
slurring over difficulties: time spent on making a demonstration perfect was always
to him time well spent’’ [16, 317]. Louis N. G. Filon, one of Hill’s students and later
professor of applied mathematics at University College (1911–1937), remembered
‘‘sending up to him a solution which, alas! meandered through as many pages as
it should have taken lines, arriving at the desired result by a singularly laborious
and inelegant process. Hill read patiently and carefully every line, and in the end
his only (and characteristic) comment was that it was a ‘very courageous’ solution!’’
[16, 317].
Henrici’s successor in the applied chair was yet another outstanding figure in the
history of mathematical science, Karl Pearson (1857–1936) [14, 681–684]. Educated
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at University College School, he had proceeded to Cambridge, where he befriended
Micaiah Hill. In 1879, he was one place higher than his friend in the Tripos list,
graduating as third wrangler. After studying philosophy and law at Heidelberg, he
was called to the Bar in 1881. Finally, in 1884, he abandoned law to apply for the
professorship of applied mathematics at University College. In taking this step he
was widely encouraged from all sides of the academic spectrum:
Professor Beesly, just because I had lectured to revolutionary clubs, Professor Croom Robert-
son, just because I had written on Maimonides in his journal Mind, Professor Alexander
Williamson just because I had published a memoir on atoms, and Professor Henry Morley,
just because I had attended and criticised lectures of his on the Lake Poets, pressed me to be
a candidate for the Chair of Mathematics! [26, 105]
So began Pearson’s connection with University College, an association which was
to last for nearly half a century, first as professor of applied mathematics and
mechanics from 1884 to 1911, then as the country’s first professor of eugenics from
1911 to 1933. Pearson has been described as one of ‘‘the most influential university
teachers of his time’’ [14, 683]. In his lectures he took ‘‘great pains to be intelligible
and could hold a large audience either of students or of merely casual hearers who
were without special interest in his topics’’ [14, 683].
Not content with his duties at University College, in 1891 he applied for and was
appointed to the professorship of geometry at Gresham College. This post, which
he held until 1894, enabled him to give popular lectures on subjects of his choosing.
The subject he chose was probability theory, on which he lectured ‘‘with that wealth
of illustration, diagrammatic and arithmetical, which characterized all his popular
lectures’’ [14, 682]. During the 1890s, deeply influenced by the work of Francis
Galton, Pearson became increasingly interested in applied statistics and the correla-
tion of biological and sociological data and, while he continued to teach and research
subjects within the scope of his chair, it was perhaps inevitable that his interests
would eventually filter down to his undergraduate teaching.
In this, Pearson continued to run the course very much on the geometrical lines
laid down by his two immediate predecessors. In his term of office, the graphical
statics course was complemented by a new course on graphical dynamics. Then, in
1898, it was announced that ‘‘provision, if required, will be made for four hours’
work . . . weekly—two hours Lectures and two hours Practical Class . . . [on the]
Mathematical Theory of Statistics’’ [55, 69]. This comprised an elementary course,
in which topics included the general theory of statistics, normal and skew variation,
and normal correlation, and an advanced course on the quantitative theory of
heredity. Teaching involved using actual statistical data to calculate various types
of statistical measurements and coefficients using tables and mechanical calculators.
It constituted the first undergraduate course in mathematical statistics in Britain.
Pearson’s success in the applied chair is illustrated by the growth of his depart-
ment. In the 1870s, the average number of students of applied mathematics was
19; under Henrici in the 1880s it grew to 43. By the late 1890s, that number had
swelled to 77, so large that by 1896, the department was employing one assistant
professor and two demonstrators [35, 60–62]. The mathematics course and its teach-
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TABLE III
KING’S COLLEGE PROFESSORS 1837–1901
Mathematics
1830–1869 Rev. Thomas Grainger Hall
1869–1882 Rev. William Henry Drew
1882–1903 William Henry Hoar Hudson
Natural Philosophy
1831–1844 Rev. Henry Moseley
1844–1854 Rev. Matthew O’Brien
1854–1860 Thomas Minchin Goodeve
1860–1865 James Clerk Maxwell
1865–1905 William Grylls Adams
ing had changed considerably since the days of De Morgan and Sylvester, but
throughout, University College had remained the prime source of advanced mathe-
matical tuition in London. A survey of its competitors now follows.
Throughout the 19th century, King’s College remained the only major academic
rival to University College in London. As far as mathematics was concerned, how-
ever, the overall calibre on the Strand was far more modest. King’s first professor
of mathematics, the Reverend Thomas Grainger Hall (1803–1881) [57, 3: 204], had,
in 1827, been a candidate for the chair at University College to which De Morgan
was subsequently elected. Fifth wrangler in 1824 and fellow of Magdalene College,
Cambridge, Hall was finally elected to the mathematics chair at King’s in 1830,
‘‘which he continued modestly, faithfully and inconspicuously to occupy (rather
than fill) for the next thirty-nine years’’ [27, 89].
But Hall did not just teach mathematics. For the first few years of its existence,
King’s College was without a professor of history, which resulted in the amusing
scenario of Hall teaching mathematics from Monday to Thursday and, on Friday,
lecturing on history from Christophe Koch’s History of the Revolutions in Europe
(1826). As a result, in 1833 he was permitted to appoint a lecturer to assist in the
teaching of mathematics. During the 1840s and early 1850s, Hall’s classes bore
notable fruit: 25 of the wranglers between 1840 and 1844 had attended King’s
College, including one of the most distinguished senior wranglers, Arthur Cayley.
The years 1843–1852 saw 51 King’s alumni achieve wranglerships, and in 1853, all
previous records were broken when no fewer than 13 wranglers and 9 senior optimae
were King’s men.
During his long tenure, Hall wrote a number of mathematical textbooks, upon
which much of his course was based. These included A Treatise on Differential and
Integral Calculus (1834), A Treatise on Plane and Spherical Trigonometry (1836),
Elements of Algebra (1840), and Elements of Descriptive Geometry (1841), although
it is doubtful that he ever taught more than the rudiments of the last subject. By
the mid-1850s, however, his interest in mathematics and its teaching had languished.
He had been appointed a prebendary of St. Paul’s Cathedral in 1845, a position he
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held until his death, and it seems that he became far more concerned with church
matters than the mundane instruction of undergraduates which his staff, now con-
sisting of two lecturers, were quite capable of undertaking. Indeed, by the time he
resigned his chair in 1869, ‘‘he had long been apathetic and devoid of active interest
in either his subject or his pupils’’ [27, 305].
His colleague in the chair of natural philosophy was a more active mathematician.
The Rev. Henry Moseley (1801–1872) [12, 39: 175–176] had published his first
paper, ‘‘On Measuring the Depth of the Cavities Seen on the Surface of the Moon,’’
in Tilloch’s Philosophical Magazine at the age of only 17. Entering St. John’s
College, Cambridge, in 1821, he graduated in 1826 as seventh wrangler, before
also becoming an unsuccessful contender for the University College chair in 1827.
Following his rejection, he served as canon of the village of West Monkton, Somer-
set, before being selected as professor of natural and experimental philosophy and
astronomy at King’s in 1831. At his request, in 1834 experimental philosophy was
given a separate chair, of which Charles Wheatstone was the first occupant.
Unfortunately, Hall and Moseley’s working relationship did not proceed as amica-
bly as either would have wished. Even before the college opened, disputes had
begun over the demarcation of subjects. The five compulsory topics for undergradu-
ate study were specified as divinity, classics, mathematics, English, and history.
Since income was determined by the number of students, the professors of these
subjects would be at a considerable financial advantage over those whose courses
were merely optional. If we then compare Hall’s mathematical syllabus to the course
offered by De Morgan at University College, we may understand the source of
contention [9, 51–52]:
FIRST YEAR: i) Euclid, Books 1, 2, 3, 4, 6, 11
ii) Arithmetic and algebra
iii) Plane Trigonometry
iv) Elementary Differential & Integral Calculus
SECOND YEAR: i) Elementary Mechanics
ii) Theory of Equations
iii) Differential and Integral Calculus
iv) Newton’s Principia, sections 1, 2, 3
v) Conic Sections
THIRD YEAR: i) Geometry of three dimensions
ii) Spherical trigonometry
iii) Analytical mechanics
iv) Hydrostatics, optics and astronomy
v) Newton’s Principia, sections 9 & 11
vi) Differential equations.
Unlike the ‘‘pure’’ course offered at University College at this time, the King’s
mathematical programme can be seen to contain material that could be designated
as ‘‘applied’’ or ‘‘mixed’’ mathematics. Thus, a significant portion of Hall’s syllabus
infringed on what Moseley considered to be the domain of his natural philosophy
(or applied mathematics) course. Moseley complained to the college council that
not only was his course a minority option, but much of it was already being taught
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in compulsory lectures, thus decreasing his potential class size. The council ruled
in Hall’s favour, but Moseley’s situation was improved slightly in 1838 with the
establishment of a department of civil engineering (the first in London), for whose
students lectures in natural philosophy were vital.
To supplement his income, as well as provide a basis for his course, Moseley also
published a number of works on the subjects with which he was engaged in teaching,
most notably A Treatise on Hydrostatics and Hydrodynamics (1830), Illustrations
of Mechanics (1839), and The Mechanical Principles of Engineering and Architecture
(1843). Eventually, possibly lured by a higher (and more reliable) salary, he resigned
his chair to become a school inspector. He continued to write on applied mathemat-
ics, his best known work being a paper in the Royal Society’s Philosophical Transac-
tions in the 1850s containing formulas by which the dynamical stability of warships
was calculated for many years.
Moseley was succeeded in 1844 by the Rev. Matthew O’Brien (1814–1855), an
Irishman and graduate of both Trinity College, Dublin, and Caius College, Cam-
bridge (where he was third wrangler in 1838) [12, 41: 319]. Like his predecessor,
O’Brien also had to supplement the somewhat unpredictable income derived
from his college teaching; accordingly, in 1849, he was appointed lecturer on
astronomy at the Royal Military Academy, a position he held in tandem with
his King’s professorship for the next five years. It was his promotion to the
professorship of mathematics at Woolwich (see Section 4 below) that led to the
resignation of his original post and the termination of his association with King’s
College in 1854.
His replacement in the chair of natural philosophy, Thomas Minchin Goodeve
(1821–1902) [57, 3: 82], is another figure whose name will recur in the teaching of
mathematics in Victorian London. Ninth wrangler in 1843, his teaching career had
begun three years later when he joined the mathematics department as one of
Hall’s assistant lecturers. He succeeded O’Brien not only at King’s in 1854, but
also the following year as lecturer on astronomy at Woolwich. He too carried out
the duties of both positions simultaneously for a number of years. Eventually,
however, ‘‘like his predecessor [he] was lured to Woolwich by the superior emolu-
ments which the government could offer’’ [27, 247] and left the college in 1860 to
fill the newly established professorship of mechanics at the Academy.
The college now acquired a man of outstanding scientific skill as its new professor.
James Clerk Maxwell (1831–1879) [12, 37: 118–121] was arguably the foremost
British mathematical physicist of the nineteenth century. Best known for his research
into electricity and magnetism, his first paper, ‘‘On the Description of Oval Curves,’’
had been communicated to the Royal Society of Edinburgh when he was just 15.
Second wrangler in 1854 (when E. J. Routh had come first), Maxwell moved
to London from Aberdeen, where between 1856 and 1860 he had held the
professorship of natural philosophy at Marischall College. Yet, remarkable though
his scientific credentials may have been, ‘‘as a teacher of raw youths, . . . he did
not prove to be a success. ‘He was,’ says one who knew him, ‘a quiet and
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rather silent man, and it seems not unlikely that the students were too much
for him’ ’’ [27, 247].
His inability to maintain order in his classes was exacerbated by additional
shortcomings as a lecturer. Ivan Tolstoy, in his biography of Maxwell, explains:
The evidence is that, as a teacher, he had unusual difficulties. His delivery was poor. He could
control neither the speed of his thought nor the flights of his mind. He tended to pursue
sidelines—sudden inspirations, which took him in unpredictable directions. He made mistakes.
As Horace Lamb, a later junior colleague at Cambridge, would put it ‘‘he had his full share
of misfortunes at the blackboard.’’ Very likely only the occasional, particularly brilliant student
could follow his lectures. . . . As a great scientist, an honest man, and a dutiful teacher he would
dearly have liked to transfer his own mastery of these ingredients to his students; but his
success at this remained at all times erratic. [50, 100]
Despite these deficiencies, it appears that Maxwell ‘‘was conscientious, meticulous
and well-organized in the preparation of his lectures . . . [taking] great care in
selecting and ordering the material for his courses. Their conception and organiza-
tion were modern in spirit, covering mechanics, optics, electricity and magnetism’’
[50, 99]. Nevertheless, in October 1863, William Grylls Adams, brother of the
astronomer, John Couch Adams, was appointed assistant lecturer in natural philoso-
phy to relieve Maxwell’s teaching burden. After a year of this arrangement, it is
reported that there was ‘‘not enough going on, apart from noise, to give employment
to two teachers; hence, early in 1865, it would appear, an intimation was conveyed
to Clerk Maxwell that he should resign’’ [27, 248].
This anecdote comes from no less an authority than the 1929 Centenary History
of King’s College London by F. J. C. Hearnshaw. Subsequent research by Cyril
Domb has successfully revealed the dubious origin of the account; a desire to return
to Scotland and devote more time to research and writing provides a far more
satisfactory explanation for Maxwell’s departure than his being asked to leave by
the college council [15, 92–95]. Domb adds that Hearnshaw’s belief that, by placidly
accepting Maxwell’s resignation, the College left him free to carry out the researches
which made him world famous, is clearly inaccurate, since many of Maxwell’s
important papers were published before 1865. Whatever its motive, the resignation
was tendered on 10 February 1865, the college council resolving ‘‘that in accepting
Professor Maxwell’s resignation they desire to convey to him their best thanks for
the services which he has rendered to the college, and to express their high apprecia-
tion of his talents and attainments’’ [27, 248].
Adams, who, unlike Maxwell, was described by Hearnshaw as being ‘‘an excellent
lecturer and strong disciplinarian’’ [27, 248], was immediately appointed to the
vacant professorship. Despite other reports that he was ‘‘unable to deal properly
with the rowdy students’’ and had ‘‘been in the habit of ‘lecturing’ to one class by
hanging up large sheets of canvas on which the lecture was written and pointing
with a stick to line after line’’ [15, 95], Adams remained in the post for 40 years.
His retirement in 1905 prompted a reorganisation of mathematical teaching similar
to that which had taken place at University College in 1865. Natural philosophy
was split into physics and applied mathematics, the former acquiring its own profes-
sorship, the latter coming under the jurisdiction of the professor of mathematics.
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Following Hall’s retirement in 1869, the council had appointed the Rev. William
Henry Drew (1827–1882) [57, 2: 339] as the new professor. He had been eighth
wrangler in 1849, but apart from that and being the author of a moderately well-
known Geometrical Treatise on Conic Sections (1857) he seems to have had little
else to recommend him. Since he was at that time employed as assistant master at
Blackheath Proprietary School, he was presumably selected more for his teaching
skills than his mathematical originality. Thus, while no noticeable course changes
were made, the mathematics department operated ‘‘with admirable efficiency’’ [27,
305] during Drew’s term in office.
On Drew’s early death in 1882 the chair was filled, with equal vigour, by William
Henry Hoar Hudson (1838–1915) [57, 3: 474–475]. A notable King’s alumnus,
Hudson had entered the college as a student in 1855, graduating as the senior
mathematical scholar two years later. In 1861, he came out as third wrangler at
Cambridge, becoming a fellow of St. John’s College shortly afterwards and lecturing
there from 1869. In his new position he proved himself to be ‘‘a man of immense
vivacity and energy’’ [27, 305], though not, it would seem, of particular pedagogic
originality. The same can also be said of his immediate successors in the chair
following his retirement in 1903. In fact, for the first third of this century, King’s
continued in much the same spirit as before, offering no serious mathematical
opposition to its Gower Street competitor.
It would appear, therefore, that in both pure and mixed mathematics, tuition at
King’s throughout the 19th century was adequate though hardly innovative. With
the obvious exception of Maxwell, King’s was also noticeably bereft of first-rate
mathematical researchers, especially in pure mathematics. The combined skill in
research and teaching, evident in so many of the staff at University College (e.g., De
Morgan, Clifford, Henrici, Pearson), was curiously absent from King’s mathematical
personnel, Maxwell’s disappointing performance as a lecturer proving the rule.
Indeed, one observes no mathematical professors of note in the Strand before the
appointment of George Barker Jeffery in 1922, and it was not until the arrival of
George Temple and John Greenlees Semple in the 1930s that the superiority of
University College mathematics was significantly challenged by its old rival [36, 322].
3. MATHEMATICS FOR WOMEN
The educational situation for London’s women in 1837 was highly deficient, a
fact which, despite the installation of a female monarch, remained unchanged during
the next decade. King’s College statutes denied membership to non-Anglican males,
let alone women (Anglican or otherwise), while University College, notwithstanding
its doctrinal liberality, also remained an exclusively male domain. Yet it was the
staff of the apparently more conservative college on the Strand who were to be
instrumental in the establishment of a college for London’s women. Chief among
them was Frederick Denison Maurice (1805–1872), a deeply committed Christian
Socialist clergyman and professor of divinity at King’s. Largely through his efforts,
the first college in the country expressly for the education of women was founded
in Harley Street. Queen’s College, as it was called, opened in 1848 as a branch of
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the Governesses’ Benevolent Institution. Maurice and several other professors from
King’s lectured in its opening months, including Hall in mathematics and O’Brien
in natural philosophy.
The inclusion of such topics as mathematics and natural philosophy in the educa-
tion of young women can be seen as a somewhat daring measure for the time.
Mathematics was not then usually considered to be a high-priority subject for girls
from respectable and affluent families to study. Consequently, the founders of
Queen’s College felt obliged to justify its inclusion in the syllabus, Maurice drawing
attention to the subject’s inherent interest in addition to its utility. At his inaugural
lecture, Professor Hall reassured his audience that although it had the potential
‘‘to unfit the mind for application to the purposes of life’’ [33, 323], mathematics
at Queen’s would not be studied to such an extent as to jeopardise the students’
mental powers, concurring with Maurice’s view that ‘‘our pupils are not likely to
advance far in mathematics’’ [33, 16]. The principal benefit of studying the subject,
said Hall, was the discipline it imposed on one’s studies: ‘‘It may be a proud exercise
of the intellect to read the language which Newton taught . . . but our task, and
your task, is a more humble one. We must teach, and you learn, the grammar of
a science, which demands and will repay your attention; diligence and thoughtful
patience are the chief requisites to obtain success: and these being given, a reward
will certainly follow’’ [33, 345].
Like its parent institution, Queen’s College was operated on explicitly Anglican
lines, a fact which soon led to the inauguration of a second women’s college, this
time on a nonconformist basis. The principal figure here was Mrs. Elizabeth Jesser
Reid, a widowed lady of property, whose dissenting background had acquainted
her with many liberal educationalists of the day, including some of the professors
at University College. With their support and her money, Mrs. Reid bought a house
in Bedford Square (at the southern end of Gower Street), ‘‘paid the rent and much
of the expense during the first few years, and otherwise endowed the Institution’’
[11, 174]. It opened in 1849 as The Ladies’ College, 47 Bedford Square, with many
of its first professors being drawn from University College.
Among them was Augustus De Morgan, who served as the first professor of
mathematics, giving ‘‘lectures or lessons on arithmetic and algebra for one year’’
[11, 174]. In fact, he had actually withdrawn before the college completed its first
year. We are told in the history of Bedford College that ‘‘Professor De Morgan
left at Easter (1850), on the ostensible ground of pressure of important work in
other directions. Mrs. Reid herself sets it down to ‘no remuneration’ ’’ [51, 65]
which is also highly plausible since his class numbered only 17 ladies in the first
term and 18 in the second. Moreover, it would be pertinent to suggest that a man
described as ‘‘one of the profoundest and subtlest thinkers of the nineteenth cen-
tury’’ [46, 25] may well have felt his time wasted in lecturing to girls who only had
a very elementary knowledge of arithmetic.
In these formative years of female higher education, most of the students were
insufficiently trained to benefit from the teaching offered since many were surpris-
ingly young; the age requirement was ‘‘twelve years and over’’ [30, 172]. However,
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TABLE IV
BEDFORD COLLEGE PROFESSORS 1849–1901
1849–1850 Augustus De Morgan
1850 Rev. James Booth
1850–1851 Francis William Newman
1851–1853 Rev. William Cooke
1853–1856 Rev. Henry J. Hose
1856–1857 Rev. Walter Mitchell
1858–1865 Richard Holt Hutton
1865–1869 Jonas Ashton
1869–1870 Olaus Henrici
1870–1907 Percy J. Harding
the teenage girls and the few more mature ladies who attended the lectures in the
early days of these two colleges were initiating a momentous development in higher
education, although they were not yet in a position to come within the realm of
the University of London. Instead, Queen’s and Bedford Colleges operated more
as finishing schools for young ladies, the limitations of their students’ previous
education ensuring that the level of tuition could never rival that of their male
counterparts. Consequently, the professors of mathematics employed at both institu-
tions were not required to be first-rate mathematicians and, at Queen’s College at
least, that nonrequirement was certainly met.
Like De Morgan at Bedford, Queen’s first mathematics professor, Thomas Hall
also resigned his post within a year of the college’s opening. His place was taken
by one of his mathematical assistants from the Strand. Thomas Astley Cock (1812–
1885) [57, 2: 80] was an obscure low wrangler who had been giving lectures on
mathematics at King’s since 1840 and was to continue doing so for another 39 years.
Yet even his retirement in 1879 could not remove him from the position in Harley
Street, where he insisted on remaining as long as his health would hold. Only his
death in 1885 provided Queen’s College with a new professor of mathematics, the
successor being the vigorous William Henry Hoar Hudson, who lectured there
until 1905.1
At Bedford College, the majority of the mathematics professors who succeeded
De Morgan were better known for their skills in other areas. For example, Francis
William Newman (1805–1897) was a brilliant but eccentric professor of Latin at
University College. Condemning urban life ‘‘because he disapproved (in principle)
of drains, he said of himself that to be in conflict with current opinion was to be
in his element’’ [36, 324]. He resigned after only a year in the chair over a question
of religious discord. Richard Holt Hutton (1826–1897) is better known as a theolo-
1 Despite its professors being male, Queen’s College also had women on its staff, one of the most
notable being Mary Everest Boole (1832–1916), wife of the mathematician, George Boole, who taught
there for some time after her husband’s death in 1864.
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gian and journalist, in which capacity he coedited The National Review (1855–1864)
and The Spectator (1861–1897). Hutton had also been an outstanding pupil of De
Morgan at University College in the 1840s, winning a high distinction in mathematics
when he took his M.A. at the University of London in 1849. His time at Bedford
College was notable for his publication of The Relative Value of Studies and Accom-
plishments in the Education of Women (1862).
The two ladies’ colleges remained the sole teaching establishments for young
women in London for twenty years, until they were supplemented by the formation
of the London Ladies Educational Association. In 1868, this body began to organise
lectures in the vicinity of University College, though outside its premises. During
the academic session 1871–1872, gradual moves towards mixed classes were made
in the college, with the first integrated classes being given in art and political
economy. Other professors soon followed suit; for instance, in 1876, Henrici ad-
mitted ladies to his higher senior mathematics class. Finally, in 1878, University
College became the country’s first coeducational institution, with 288 women being
admitted as undergraduates in its Faculties of Arts, Laws, and Science. Simultane-
ously with this, the University of London opened its examinations to women, who
could now compete for degrees with men on an equal basis.
The integration of higher education in the capital did not, as one might perhaps
expect, signal the end of the ladies’ colleges or even a decline in the number of
students. On the contrary, due to increased demand, in 1879, a higher mathematics
class was introduced at Bedford College [36, 324]. This also undoubtedly reflects
the increased proficiency of its students: now that women could be examined equally
with men, it was reasonable for them to expect that their tuition should reach the
same standard. However, the same attitude did not, it would seem, prevail at
London’s original women’s college: ‘‘The opportunities offered by the University’s
full recognition of women in 1878 were not taken by Queen’s College, which became
what it remains, a public school for girls’’ [25, 131].
It was not long before women began to graduate with distinction in mathematics
from the University of London. Sophie Bryant, later headmistress of the North
London Collegiate School and one of the first women members of the University
Senate, was one of the first women to take the BSc examination in 1881. She was
also ‘‘the first woman to attain a doctorate when she took a DSc in 1884’’ [25, 128].
Other early female graduates were Philippa G. Fawcett, an alumna of both Bedford
and University Colleges, who gained the distinction of being placed above the
senior wrangler in the Tripos of 1890 (although, of course, she could not actually
graduate from Cambridge), and Alice Lee, later to become a lecturer in physics at
Bedford College [35, 57, 63].
The 1880s also saw the opening of three new ladies’ colleges in the vicinity of
the rapidly expanding capital. In 1882, The College for Ladies at Westfield was
founded in Hampstead [36, 332], to be followed four years later by the opening of
Royal Holloway College in Egham, Surrey [58, 61]. King’s College opened a Ladies’
Department in 1885—its location in Kensington rendering it a distinct entity from
its parent college and ensuring continued separation of male and female students.
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It was finally incorporated in the University of London in 1910 as King’s College
for Women [25, 134; 58, 55–56]. Thus, we see that by 1901, the situation for women’s
higher education in the capital was beyond any comparison with that of 64 years
earlier. Not only was university-level instruction in mathematics now available to
women, it was almost as accessible to them as it was to men. One’s ability to
graduate was no longer contingent on one’s gender—a very different situation from
that in military mathematics, to which we now turn.
4. MILITARY MATHEMATICS
The British Army excluded women from entry into any of its branches throughout
the 19th century. This policy was followed, too, at the prestigious Royal Military
Academy in Woolwich. The reputation of this establishment in the mathematical
world had been swelled in the first century of its existence by the distinguished
professors that its generous salaries attracted, notably Thomas Simpson (1710–1761)
and Charles Hutton (1737–1823). It was through the published works of the latter
and other masters, such as Peter Barlow (1776–1862) (who contributed a number
of excellent scientific articles to the Encyclopædia Metropolitana in the 1820s),
that British scholars became acquainted with recent mathematical and scientific
developments on the continent.
This was partly for practical reasons, as Niccolo` Guicciardini points out: ‘‘The
practical needs of military engineering demanded sophisticated scientific knowledge:
this partially explains why the Woolwich masters were so interested in contemporary
continental works’’ [23, 109]. However, he goes on to say that although ‘‘with
their textbooks and essays they greatly contributed to improving the knowledge
of continental science in Britain, . . . [a]s teachers they could not introduce any
sophisticated innovations into the curriculum for the ‘raw and inexperienced’ ca-
dets’’ [23, 108]. Thus, favourably disposed as Hutton may have been to the progres-
sive new European methods, he was ‘‘unable to use it in research and, in reality,
never even attempted to teach it in written works’’ [23, 112]. Consequently, his
Course of Mathematics, upon which the Woolwich mathematical programme had
been based since 1798, still employed the Newtonian fluxional calculus in preference
to the more recent Lagrangian methods of which he was well aware.
In the four decades that elapsed between its publication and the start of our
period, the Course went through many editions and revisions, yet Royal Military
Academy cadets of the 1837 intake were still following a largely unchanged pro-
gramme. This was despite further developments in the subject of the calculus such
as the adoption of Leibnizian notation in Cambridge by the 1820s and the publication
of new analytic methods by Cauchy at the E´cole polytechnique (in theory, France’s
equivalent to Woolwich, although in reality far superior). One would have expected
the mathematical course at the country’s foremost military college to have at least
acknowledged recent progress in the subject, even given that the mathematics
required by Woolwich cadets was of a different nature from that employed by those
with purely academic needs. Indeed, when it is recalled that at both of the Academy’s
scholastic London counterparts differential and integral calculus was taught to a
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TABLE V
PROFESSORS OF MATHEMATICS AT THE
ROYAL MILITARY ACADEMY,
WOOLWICH
1837 Olinthus Gilbert Gregory
1838 Samuel Hunter Christie
1854 Rev. Matthew O’Brien
1855 James Joseph Sylvester
1870 Morgan William Crofton
1884 Harry Hart
substantially high level, one can only view the content of the Woolwich mathematical
course of 1837 as embarrassingly behind the times [6, 33].
1. Arithmetic
2. Logarithms
3. Geometry (Euclid 1–4)
4. Algebra, to cubic equations
5. Trigonometry, with heights and distances
6. Mensuration, with surveying and measuring
7. Conic sections
8. Mechanics
9. Fluxions
10. Hydrostatics and Hydraulics
11. Pneumatics, using air-pumps, syringes, thermometer and barometer
12. Resistance of fluids
13. Gunnery.
This contrasts considerably with the course offered at the E´cole polytechnique at
this time. There, under the guidance of such figures as Chasles, Liouville, Sturm,
and Poisson, the syllabus was far more up to date, including subjects such as analysis,
descriptive geometry, and geodesy [22, 1261–1263, 1362–1367]. By comparison the
Woolwich course seems obsolescent and elementary. Moreover, says Guicciardini,
‘‘we suspect that even the very elementary level required was not reached: from
the Records of the Royal Military Academy, . . . , one gets the strong impression
that the discipline of both the masters and the cadets was not exemplary’’ [23, 110].
The professor of mathematics at the Royal Military Academy in 1837 was Olinthus
Gilbert Gregory (1774–1841) [12, 23: 103]. A prote´ge´ of Hutton, Gregory had been
appointed a master at Woolwich in 1803. There he had edited the well-known
Gentleman’s Diary until 1819 and since that time had been the editor of its sister
journal, the Ladies’ Diary. Strictly speaking more an engineer than a mathematician,
Gregory made perhaps his most noteworthy contributions to science in the form
of his Treatise of Mechanics (1806) and his experiments to determine the speed of
sound in 1823. He was also one of the original sponsors of the London University,
serving on its first council in the late 1820s. Appointed professor of mathematics
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at Woolwich in 1821, Gregory continued his patron’s efforts at spreading knowledge
of continental developments in mathematics and physics by means of his published
works, which included Mathematics for Practical Men (1825) and Hints to the Teach-
ers of Mathematics (1840).
A possible reason the course taught to cadets at Woolwich remained so little
changed was that, especially in matters concerning the calculus, Gregory was far
more conservative than Hutton, greatly preferring the Newtonian version to its
continental competitors. Following Hutton’s death, Gregory edited a number of
editions of the Course, of which the 11th—published, appropriately for us, in
1837—is particularly interesting since it contains the fluxional approach in its main
text as well as a translation of Lubbe’s Lehrbuch des ho¨hern Kalkuls in an appendix.
In spite of this desire to increase British awareness of the methods and results of
the continental school, Gregory made it quite clear where his loyalties lay, the 1837
edition of the Course containing the following declaration: ‘‘The Editor has long
been of the opinion that, in point of intellectual conviction and certainty, the
fluxional calculus is decidedly superior to the differential and integral calculus’’ [31,
203, note].
The chances of reforming the Woolwich course were substantially increased with
Gregory’s retirement in 1838. The Academy’s governing body selected as his succes-
sor the first Cambridge man to hold the position, Samuel Hunter Christie (1784–1865)
[12, 10: 284–285]. Primarily a mathematical physicist, Christie was also Secretary of
the Royal Society, to whose Philosophical Transactions he contributed 14 papers,
mainly on magnetism. Second wrangler in 1805 and a mathematics master at Wool-
wich since 1806, Christie was keenly aware of the need to reform all academic aspects
of the Academy. However, before his promotion to the professorship, he had been
given little opportunity to put his ideas into practice, his only achievement in this area
being the introduction of a new system of competitive examinations in 1812.
One of Christie’s first decisions as professor was to abandon Hutton’s Course as
the foundation of the Woolwich curriculum. However, this could not be done
overnight; a new book would have to be written to replace it, and Christie devoted
much of his first few years as professor to its preparation. The new course was
finally ready for publication in the mid-1840s: Christie’s Elementary Course of
Mathematics for the Use of the Royal Military Academy, and for Students in General
was published, in two volumes, in 1845 and 1847. With its inauguration, Hutton’s
textbook, used exclusively at the Academy for nearly half a century, was finally
discarded. The new mathematics course now comprised the following components
[6, 102]:
1. Algebra, inc. the binomial theorem, logarithms and infinite series
2. Geometry: Euclid Bks 1–4, 6, 11(part), and 12 (briefly).
3. Application of algebra to geometry
4. Trigonometry with heights and distances
5. Conic sections
6. Elements of differential calculus (i.e. max/min and tangent problems)
7. Elements of integral calculus (i.e. areas and lengths of curves)
8. Mechanics: from Whewell’s Elementary Treatise.
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Although an attempt to remedy the weaknesses inherent in Hutton’s syllabus by
introducing a programme more appropriate to the capabilities of the cadets, the
new course still had considerable flaws. True, the fluxional calculus had at last been
banished, but in its place were only the ‘‘elements’’ of differential and integral
calculus with no problems more taxing than finding maxima, minima, or the areas
under curves. Due no doubt to the shortcomings both of masters and cadets, it was
apologetically noted that ‘‘at present this subject cannot be much dwelt on’’ [6,
102]. Even more extraordinary, however, is the virtual omission of applied mathe-
matics, with the instruction in elementary mechanics proceeding no further than
motions of projectiles in vacuo!
If the notion of a prospective artillery officer or engineer taking up his commission
with such a trifling mathematical training seems absurd today, it was considered
scandalous in certain contemporary quarters. An article in the London Review of
the mid-1840s, ostensibly a (negative) critique of Christie’s recently published
course, sheds light on the desultory state of mathematical study at the Academy
during this period. The author of the account described a chance meeting with two
young and newly qualified engineering officers en route to a survey. It quickly
transpired that these men, when questioned, were both wholly unacquainted with
the instruments they were supposed to be using and totally ignorant of the mathe-
matics involved. They professed once to have been ‘‘up to grinding equations, but
had almost forgotten all about it,—it was such a bore’’ [59, 640]. And these Woolwich
graduates were supposedly the intellectual elite of the Royal Engineers!
Seeking elucidation as to exactly what scientific acquirements were bestowed by
a course of study at Woolwich, the review’s author questioned an anonymous
‘‘gentleman of the Royal Military Academy,’’ who replied: ‘‘I would gladly tell you
if I knew; . . . it is, however, such a quantity that though the maximum is not large,
the minimum is very small. . . . and only last evening a field-officer of the Royal
Artillery told me that he never found the slightest use for his mathematics during
his whole life. This officer, too, holds a post . . . that would require mathematics, if
any post could’’ [59, 644].
Christie’s new course was soon deemed far too elementary and was quickly
rejected in favour of a new one, drawn up by three mathematical masters at the
Academy, Stephen Fenwick, William Rutherford, and Thomas Stephens Davies,
and finally published, in three volumes, between 1850 and 1852. Christie himself
retired in 1854 and the professorship was duly advertised for competition. Although
the names of most of the candidates are now lost, we do know the two principal
contenders. Both were eminent mathematics teachers who have previously come
to our attention in this paper as professors of natural philosophy at King’s and
University Colleges, respectively: the Rev. Matthew O’Brien and James Joseph Syl-
vester.
All had not gone well for Sylvester in Virginia, and he was back in England far
sooner than he had anticipated. Being unable to find a suitable academic post on
his return, he had been working for the last 10 years as an actuary in London while
still continuing his mathematical research. Barred by his religion from seeking
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employment at Oxford, Cambridge, or King’s in London, and with De Morgan and
Potter firmly ensconced at University College, Sylvester correctly saw the vacancy
of the Woolwich professorship as a vital opportunity for him to reenter the academic
world, since the Academy imposed no religious restrictions on its staff or cadets.
Yet in his bid for the vacant chair he was, initially at least, unsuccessful.
The Rev. O’Brien, in terms of mathematical skill and originality, was, to the
20th-century observer, the less accomplished of the two men. However, this was
not the only criterion (if indeed it counted for anything): he had been working at
the Academy since 1849, lecturing on astronomy, thus having not only more recent
teaching experience than his rival but also, one would assume, more influential
connections within the establishment itself. Whatever the reasons, he was awarded
the professorship in August 1854. However, at this point, fate intervened. Within
months of his election, O’Brien was dead, and the chair again fell vacant. This time,
armed with references from such mathematical luminaries as Hamilton, Kelland,
Poncelet, Chasles, Salmon, Hermite, and Bertrand, not to mention the considerable
influence of the Whig politician and former Lord Chancellor, Lord Brougham,
Sylvester was finally appointed professor of mathematics on 10 July, 1855.
Unfortunately, and not for the first time in his career, Sylvester found his new
job to be an intellectual disappointment, involving as it did the instruction of, what
was for him, trivial mathematics to engineering students who deeply resented the
amount of mathematics they were required to study. As with his former teaching
posts, therefore, Sylvester’s term as professor of mathematics did not improve his
already erratic teaching skills. Indeed his reputation among the gentlemen cadets
as an irritable and absent-minded eccentric was well earned if the following anecdote
is to be believed: ‘‘. . . on one occasion he suddenly looked up from a paper in the
hall of study and demanded of the corporal on duty, ‘What year is it?’ An explosion
of laughter in the room led to a ‘scene’, and the subsequent infliction of many
punishments upon the cadets’’ [39, xviii].
Sylvester’s fiery temperament also resulted in his clashing at least once with the
military authorities over his teaching load, although, given his excitable nature and
dislike of conformity and structure, this is hardly surprising. Yet despite these
occasional wrangles and his general dissatisfaction with the standard of mathematics
he was obliged to teach, he stayed on as professor of mathematics for 15 years.
Indeed, he was quite unprepared for the events which led to his premature departure
from Woolwich in 1870, when changes in Academy regulations decreed that all
members of staff over the age of 55 had to retire. The consequence was Sylvester’s
enforced early retirement from his chair and the end of his teaching career in
London (although this was far from the end of Sylvester’s involvement in higher
mathematical education) [40, 72–146].
Sylvester’s term of office had seen several new developments take place in the
administration of the Academy designed to increase its efficiency and the standard
of education therein. In 1855, the Board of Ordnance, under whose direction the
Academy had previously been administered, came under the control of the War
Office. Before that time, admission to the Academy could be obtained only by
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nomination from the Master-General of the Ordnance, followed by an entrance
examination. The new management immediately introduced a system of open com-
petitive examinations, the first such test being held in August 1855.
The chief examiner was Henry Moseley, erstwhile professor of natural philosophy
at King’s College. His report reveals that the level of the examination was hardly
severe. He wrote: ‘‘Only 31 out of 151 candidates afforded evidence of mathematical
knowledge to which the designation ‘moderate’ was applied by the examiners’’ [6,
120]. It should be noted that their definition of ‘‘moderate’’ was the ‘‘power to
work an easy sum in arithmetic, demonstrate a proposition in the first book of
Euclid, and solve a simple equation’’ [6, 120]. June 1865 saw the first examinations
take place under completely independent examiners, ‘‘the Cadets coming out in
much the same order as when examined by the Academy Professors, but with lower
marks’’ [6, 128]. Yet this new system was far from perfect, as witnessed by a case
in June 1869 when a cadet ‘‘who sent in blank papers and wrote no fair notes was
allotted 120 marks in Practical Mechanics’’ [6, 129].
In 1837, as noted, subjects of study at the Academy, in addition to mathematics,
were fortification, artillery, drawing, chemistry, French, fencing, and dancing. Be-
tween 1840 and 1860, the complete programme consisted of artillery, fortification,
bridging, history, geography, landscape drawing, French, German, and mathematics
with natural and experimental philosophy. In 1860, history and geography were
dropped from the course and a professor of mechanics was appointed. This was
Thomas Minchin Goodeve, who resigned his professorship of natural philosophy
at King’s College to take the position—an unwise move since, in the same series
of alterations which resulted in Sylvester’s removal, his post was abolished in 1869
and combined with the professorship of mathematics the following year.
The first professor of mathematics and mechanics at Woolwich was the applied
mathematician, Morgan William Crofton (1826–1915) [37, xxix–xxx]. Educated at
Trinity College, Dublin, he had taken his B.A. in 1848 with the highest mathematical
honours before serving as professor of natural philosophy at the newly founded
Queen’s College, Galway, from 1849 to 1852. From 1864 he had been teaching
mathematics at Woolwich, where he was appointed on the recommendation of
Sylvester. It was also due to his predecessor in the professorship that Crofton was
able to publish some of his work on probability in the Royal Society’s Philosophical
Transactions of 1868 and 1870. He contributed frequent papers to the newly formed
London Mathematical Society as well.
Both in his personality and his teaching, Crofton proved to be quite a contrast
to the ebullient Sylvester, being ‘‘a man of reflective and retiring disposition’’ [37,
xxix]. We are told that his method of teaching was the antithesis of Sylvester’s, his
mode of instruction being ‘‘terse and lucid’’ [37, xxx] and his mechanics relying on
a ‘‘direct geometrical presentation’’ [37, xxx]. This method was a great improvement
on the efforts of his predecessor and far more appropriate to the needs of trainee
engineers or artillery officers, ‘‘who require to have command of the ideas of the
subject but may be distracted by analytical processes’’ [37, xxx]. It seems to have
been successful too, both militarily and mathematically, since at least two of Crof-
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ton’s students went on to achieve fame: Lord Kitchener in the army, and Major
Percy Alexander MacMahon in combinatorial analysis. During his time at Wool-
wich, Crofton also wrote two short books for the use of the cadets, one of which, on
applied mechanics, was widely used, at the Academy and elsewhere, for many years.
Crofton retired in 1884, to be succeeded by Harry Hart (1848–1920) [57, 3: 268],
fourth wrangler of 1871 and a mathematical instructor at Woolwich since 1873. The
principal event of his period as professor was the unveiling of a new mathematical
syllabus in 1892. This course, divided into four classes and designed to take two
years in total, built on alterations already initiated by Crofton [6, 135–136]:
4TH : i) Algebra, to the binomial theorem (using Hall & Knight’s Higher Algebra)
(Lowest) ii) Trigonometry and Mensuration (using Todhunter’s Trigonometry and Brabant’s
Mensuration)
iii) Analytical geometry (using Smith’s Conic Sections)
iv) Mechanics (including Graphical Statics)
3RD : i) Analytical geometry (repetition of 4th Class course)
ii) Mechanics (repetition of 4th Class course)
iii) Applied mechanics (using Crofton’s Applied Mechanics)
iv) Hydrostatics (using Besant’s Hydrostatics)
2ND : i) Geometry (using Smith’s Conic Sections)
ii) Spherical Trigonometry (using Goodwin’s Treatise)
iii) Differential and integral calculus (using Greenhill’s Treatise, especially re: applica-
tions to statics and dynamics)
1ST : i) Statics and dynamics
(Highest) ii) Hydrostatics
iii) Mechanism (using Goodeve’s Elements of Mechanism)
including: a) conversion of circular into reciprocating motion
b) parallel motion
c) the use of wheels in trains
d) the steam engine.
Now, at last, the Academy had a mathematics course comparable to its continental
rivals, the most noticeable feature of the new syllabus being the prevalence of
applied mathematical subjects, indispensable to an apprentice engineer. Statics,
dynamics, hydrostatics, and mechanisms were all taught to a considerable level,
although the subject of hydrodynamics was curiously omitted for some reason.
Another interesting characteristic is the shift from a primarily analytical to a more
graphical and geometrically inclined course (note the inclusion of graphical statics),
perhaps influenced by a similar inclination at University College. Furthermore, a
survey of the textbooks used leaves us in no doubt that the standard to which
the Woolwich course of 1892 aspired was considerably higher than that of a few
years before.
Comparison with its counterpart at the start of our period is instructive. Mathe-
matics at Woolwich in 1837 had been old-fashioned and irrelevant to the needs of
most of the cadets. By the end of the Victorian era, the course had changed
almost beyond recognition in the levels of both acquirement and applicability to
the objectives of the institution. This was a clear rejection of the sloppy methods
and oversimplification which had largely dominated instruction in mathematics at
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Woolwich for much of the 19th century. Hart’s syllabus was the most progressive
the Academy had implemented to date, consolidating the improvements begun by
his predecessor. While there was certainly still room for improvement, both in
terms of content and quality of tuition, it was with this new curriculum that the
Royal Military Academy entered the 20th century.
The British Army was not alone in teaching mathematics to its cadets; the subject
was also an important ingredient in the curriculum of an establishment run by the
Royal Navy, which began to rank as a London institution during the second half
of our period. Founded as the Royal Naval Academy at Portsmouth in 1722, ‘‘for
instructing young gentlemen in the sciences useful for navigation’’ [32, 16], it served
as a naval counterpart to Woolwich. The age of its cadets and the standard of their
instruction were also, it appears, equally low. However, reforms had been underway
since 1806 (when the school was renamed the Royal Naval College), which reduced
its resemblance to the Woolwich Academy. Since 1829 it had also been training some
commissioned officers and, most significantly, from 1839, had been an institution for
adult education. In 1873, the College transferred from Portsmouth to Greenwich,
reopening that autumn with Thomas Archer Hirst as its first Director of Naval
Studies and upwards of 200 students.
The most distinguished holder of the professorship of mathematics at the College
in this period was William Burnside (1852–1927). He had been second wrangler in
1875 (jointly with George Chrystal) and since then had been teaching mathematics
at Pembroke College in Cambridge. He was appointed to the professorship at the
Naval College in 1885, where he was to remain until his retirement in 1919. Burnside
is best remembered today for his work in group theory, in particular for The
Theory of Groups (1897), which was a standard work for many years. However,
his mathematical research ranged over an extensive area: he wrote over 150 papers
on topics including automorphic functions, probability theory, complex analysis,
and hydrodynamics. He was awarded the De Morgan Medal by the London Mathe-
matical Society (of which he was President, 1906–1908) in 1899—some indication
of his mathematical stature at the time.
As professor of mathematics at Greenwich, Burnside was engaged in the teaching
of three main topics: ballistics, for gunnery and torpedo officers; mechanics and
heat, for engineer officers; and dynamics, for naval constructors, where his ‘‘special
mastery of kinematics, kinetics and hydrodynamics proved invaluable’’ [19, 66].
But, like any good teacher of mathematics, his success did not rest solely upon his
mathematical expertise. In his obituary of Burnside, the mathematician Andrew
Forsyth wrote: ‘‘Records and remembrance declare that he was a fine and stimulat-
ing teacher, patient with students in their difficulties and their questions—although
elsewhere, as in discussions with equals, his manner could have a directness that,
to some, might appear abrupt’’ [19, 66].
Thus, in 1901, London was twice as well served for instruction in higher-level
mathematics for military use as it had been in 1837. This does not just refer to the
number of such institutions. At the start of Victoria’s reign, neither the Military
Academy nor the Naval College, irrespective of their locations, could be accurately
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described as university-level teaching establishments. At Woolwich in particular,
neither the course offered nor the tuition given were comparable to their scholastic
counterparts. Yet by the turn of the century, we see in the teaching of Burnside at
Greenwich and Hart at Woolwich, consideration of topics which would not have
been out of place in the advanced mathematical courses of any contemporaneous
high-level academic institution. More importantly, the move towards applied mathe-
matics at both schools reflects the growing awareness of the need for instruction
in the utilisation of mathematics. This realisation was not unique to the military,
as our next section reveals.
5. TECHNICAL EDUCATION
By the mid-19th century, British industry was fully aware of the need for a
thorough technical education of the working population. The Great Exhibition of
1851, while certainly providing a showcase for Britain’s impressive industrial prow-
ess, had highlighted growing competition from new rivals such as Germany and
the United States, where technical education was of major importance. Germany
already had several Technische Hochschulen in cities such as Munich, Hanover,
Stuttgart, and, most famously, Charlottenburg, Berlin. In America, the Massachu-
setts Institute of Technology was opened in 1865. Other European countries were
also amply equipped with technical institutions (e.g., the Federal Technische
Hochschule of Zu¨rich and the E´cole centrale des Arts et Manufactures in Paris). It
was quickly realised that the technical deficiency in the training of British artisans,
if not remedied, would soon result in Britain losing her place as the world’s foremost
industrial power.
A start had been made earlier in the century by the Scotsman George Birkbeck
(1776–1841), who, with other educational reformers (many of whom were later to
play a part in the founding of London University), established the London Mechan-
ics’ Institute in 1823. (This was renamed the Birkbeck Literary and Scientific Institu-
tion in 1866, and finally Birkbeck College in 1907.) Birkbeck and his associates had
recognised early on that Britain, ‘‘though the first manufacturing country in the
world, is singularly deficient in schools for instructing the people in the Mechanical
Arts’’ [7, 23]. The new Mechanics’ Institute was designed to redress this state of
affairs, offering tuition in the physical sciences to working men or, in the words of
its founders, ‘‘giving education to students in the principles of the Arts they practise,
and in the various branches of Science and useful knowledge’’ [58, 75]. The lectures
were certainly popular, prompting the inauguration of similar mechanics’ institutes
across the country until, by 1850, there were 600 Literary and Mechanics’ Institutes
nationwide. However, it quickly transpired that these institutes catered more to
the lower middle classes than the workman, providing more in the way of general
elementary education and social facilities than vocational training for the artisan.
In any case, those for whom the tuition was originally intended found the technicali-
ties too hard and the fees too high.
The first moves towards constituting a thorough technical education at the univer-
sity level began around the time of the Great Exhibition. In 1845, the Royal College
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of Chemistry was founded in South Kensington. This was followed 6 years later by
the establishment of the Government School of Mines and of Science Applied to
the Arts. In 1853, on the creation of the Science and Art Department of the
Board of Trade, the two schools were incorporated together. Although administered
jointly, they remained distinct entities, the latter being renamed the Royal School
of Mines 10 years later. The next change occurred in 1881, when the schools moved
to Exhibition Road in South Kensington and reopened as the Normal School of
Science and Royal School of Mines, with Thomas Huxley (1825–1895) as the first
Dean. The former school’s title soon proved unpopular and was changed in 1890
to the Royal College of Science.
The College was ‘‘primarily intended for the instruction of teachers and of stu-
dents of the industrial classes selected by competition in the examinations of the
Board of Education’’ [47, 10], although other students were admitted subject to
space. The education provided in the College of Science was of a general scientific
nature (physics, chemistry, and biology), whereas at the School of Mines, instruction
was more specialised (mining, metallurgy, and geology). The intention of both
bodies to provide a high standard of instruction is reflected by the professors they
appointed to teach, most notably the professors of physics at the College of Science.
The first such professor was George Gabriel Stokes (1819–1903) [13, 3: 421–424],
supplementing his income as Lucasian Professor at Cambridge by lecturing part-
time at the college between 1853 and 1859, to be followed by John Tyndall (1820–
1893) [12, 57: 431–436] for the next 10 years.
Tyndall’s successor was Frederick Guthrie (1833–1886) [12, 23: 374–375], younger
brother of Francis Guthrie and another ex-student of Augustus De Morgan (recall
Section 2 above). Following his departure from University College in 1854, Guthrie
had moved to Germany, where he studied chemistry under Bunsen at Heidelberg,
later receiving his Ph.D. from Marburg. From 1861 to 1867 he was professor of
chemistry and physics at the Royal College of Mauritius, becoming professor of
physics at the then Normal School of Science in 1869. He remained there for 17
years, during which time he founded (in 1873) the Physical Society, which met
at South Kensington for its first quarter of a century. Guthrie was primarily an
experimental, as opposed to mathematical, physicist with something of a mixed
reputation as a teacher; some students found him helpful, but H. G. Wells, who
also attended his lectures, described him as dull and slow, maundering ‘‘amidst ill-
marshalled facts’’ [24, 14]. Following Guthrie’s death in 1886, the professorship was
held by the physicist Arthur Ru¨cker (1848–1915) until 1901.
Thus far, much has been said of the physical sciences at the Royal College, but
what of mathematics? Initially at least, training in mathematics was not a high
priority, the emphasis being on practical as opposed to theoretical science. The
chair of mathematics at the college eventually grew out of the professorship of
mechanics, which, in 1869, we find occupied by our old acquaintance, Thomas
Minchin Goodeve, fresh from losing his position at Woolwich. Goodeve’s quarter
of a century in South Kensington saw the publication of several textbooks on his
subject: Principles of Mechanics (1874), A Manual of Mechanics (1886), and the
408 ADRIAN RICE HM 23
popular Text-Book on the Steam Engine (1879) which went through 11 editions. But
despite this apparent endorsement, he received consistently unfavourable reviews as
a lecturer, not mitigated by the fact that when he finally retired, in 1896, he was
75 years old.
His replacement in the chair (renamed Mechanics and Mathematics in 1881) was
John Perry (1850–1920), an engineer who had previously taught at the Imperial
College in Tokyo from 1875–1878 and later at the Technical College, Finsbury (see
below). Another active textbook author, Perry also worked vigorously to develop
demonstration apparatus for his mechanics classes, with the objective of bringing
the disciplines of mathematics and engineering closer together. With this aim in
view, it is not surprising that he was also the source of the following engaging
quotation: ‘‘When I am among scientific men, I pose as a professional man—and
when I am among professional people, I pose as a scientific man—and when I find
both professional and scientific people together, I try to hold my tongue’’ [24, 27].
He is primarily remembered today as the leader of a large body of technical and
applied mathematical teachers chiefly responsible for the complete divorce of Euclid
and university education at the end of the Victorian era. In a speech to the British
Association for the Advancement of Science at Glasgow in 1901, Perry vehemently
attacked the restrictions imposed on the teaching of practical geometry by an
examination system geared principally towards pure mathematicians: ‘‘I belong to
a great body of men who apply the principles of mathematics in physical science
and engineering; I belong to the very much greater body of men who may be called
persons of average intelligence. In each of these capacities I need mental training
and also mathematical knowledge’’ [41, 3–4].
To facilitate geometrical instruction, the ‘‘Perry Movement’’ [8, 197], as it became
known, urged for the total abandonment of Euclid in favour of a more utilitarian
approach involving ‘‘greater use of intuitive and practical methods of proof in
geometry, on the grounds of simplicity and because such methods did promote
deductive reasoning’’ [4, 30]. Perry’s 1901 speech contained the following recom-
mendations and comments [8, 197–198; 41, 97]:
1. Experimental geometry and practical mensuration to precede demonstrative geometry. Use of squared
paper. Rough guessing at lengths and weights to be encouraged.
2. Some deductive reasoning to accompany experimental geometry.
3. More emphasis on solid geometry; this subject has been postponed too long.
4. Adoption of coordinate representation in space.
5. The introduction of trigonometric functions in the study of geometry.
6. Emphasis upon the utilitarian parts of the subject.
7. Examinations conducted by any other examiner than the pupil’s teacher are imperfect examinations.
His address provoked a wave of discussion amongst mathematical teachers which
appeared in the pages of journals such as Nature and the Mathematical Gazette
throughout the first few years of the 20th century. It also prompted the appointment
of two committees, one of the British Association and one of the Mathematical
Association (as the A.I.G.T. had recently been renamed), to decide on the matter.
Perry did not have to wait long to witness the direct consequence of his outburst,
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however. In 1903, the examining board of the University of Cambridge decided to
accept instead of Euclidean proofs, ‘‘any proof of the proposition, which appears
to the Examiners to form part of a systematic treatment of the subject’’ [4, 31].
The University of London quickly followed suit. Almost overnight, the ascendancy
of Euclidean geometry in English education had been overthrown because, as Joan
Richards puts it, ‘‘the group for whom geometry was part of a practical education
finally broke the power of those who defined its value strictly in terms of liberal
education’’ [45, 198].
Perry’s success in thus increasing the mathematical reputation of his college is
evinced by the fact that not only was his successor in 1913 the first professional
mathematician to teach there—Andrew Russell Forsyth (1858–1942)—but also the
following year they were able to procure the services of another equally distin-
guished practitioner, Alfred North Whitehead (1861–1947). The recruitment of
such eminent mathematicians demonstrated that, in mathematics, the Royal College
of Science could now rival the previously unchallenged academic prestige of Univer-
sity College. However, the college at which Forsyth and Whitehead found them-
selves had nominally ceased to exist in 1907 when it was incorporated into the
newly formed Imperial College of Science and Technology. This had been created
from the amalgamation of three South Kensington colleges specialising in scientific
education, the other principal constituents being the Royal College of Mines and
a third, more recent creation, the Central Technical College.
At a meeting of the Livery Companies of the City of London at the Mansion
House on 3 July, 1876, the following resolution was passed: ‘‘That it is desirable that
the attention of the Livery Companies be directed to the promotion of Education not
only in the Metropolis but throughout the country, and especially to technical
education, with the view of educating young artizans and others in the scientific
and artistic branches of their trades’’ [1, 1]. The result was the formation by the
various Guilds (such as the Mercers’, Drapers’, and Clothworkers’ Companies) of
the City and Guilds of London Institute for the Advancement of Technical Educa-
tion in 1878.
The Institute’s prime objective was the establishment of a central technical college
in London, but acquiring a suitable site took more time than had been anticipated.
As a stop-gap measure, in 1878, teaching began in Cowper Street, in an area slightly
north of the city, called Finsbury. It was officially inaugurated in 1883 as The
Technical College, Finsbury, with professorships in electrical engineering, chemistry,
and mechanical engineering, the last of which was held by John Perry [1, 6]. The
college was brilliantly administered by Philip Magnus (1842–1933), another former
De Morgan student, a University College graduate, and an educational reformer
of exceptional organising ability [18]. Courses ran for between two and three years,
tuition being based primarily in the workshop or laboratory. The majority of Fins-
bury students were, as intended, artisans, such as engineers, engravers, electricians,
brewers, instrument makers and printers, numbering 100 in the session 1882–1883
but increasing to 210 by 1894–1895 [1, 7]. The college filled two complementary
roles: it served as a finishing technical school for those about to enter industrial
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life, and it operated as an intermediate college for those intending to go on to the
proposed central technical college.
For this, the City and Guilds Institute finally secured a site on Exhibition Road
from the 1851 Commissioners at a negligible rent. It eventually opened in 1884 as
the Central Technical Institute (changed to the Central Technical College in 1893).
The college was essentially a school of engineering with four professorships: chemis-
try, physics (later electrical engineering), civil and mechanical engineering, and
mechanics and mathematics [5, 18]. Founding professor in this final chair was Olaus
Henrici, who had been enticed from his post at University College. At South
Kensington, he continued his teaching of projective geometry and vector analysis,
also exploiting his new purpose-built premises to establish an innovative laboratory
of mechanics upon which many later versions were based. Here, he continued his
research, developing among other things a harmonic analyser, following a similar
machine by Lord Kelvin, to calculate Fourier coefficients mechanically. He finally
retired from the college in 1911.
Research, however, was not officially considered to be part of the professors’
duties at the new institution, a restriction which caused some initial resentment.
The explicit aim of the Central Technical College was to give practical instruction to
qualify persons to become—
1. Technical teachers;
2. Mechanical, civil and electrical engineers, architects, builders and
decorative artists;
3. Principals, superintendents and managers of chemical and other
manufacturing works. . . . [24, 24]
Students, about half of whom came from the Finsbury college, entered at the age
of 16 or 17, being required to pass a matriculation examination where they were
tested on physics, chemistry, drawing, mathematics, mechanics, and languages. This
sounds quite a tall order, but no practicals were involved, and the standard of the
tests was no higher than today’s G.C.S.E.2 exams for the same age group. The
course took three years to complete, with tuition taking place in the building’s
many laboratories, drawing offices, workshops, and lecture rooms. However, the
overall level of instruction was far lower than its continental equivalents, largely
because the professors at the college favoured a practical rather than theoretical
approach: ‘‘The greater part of the teaching is not by lectures, but in the laboratory
and workshop’’ [24, 25].
Nevertheless, the Central Technical College soon established a high reputation.
When its first courses began in January 1885, the number of full-time students had
been a mere six. This had rapidly increased, reaching 208 ten years later [1, 6]. By
1900, the college’s premises, designed to accommodate 200 students, were consider-
ably overcrowded. Indeed, so wide had its standing grown that by 1902, students
were coming from India, South Africa, Japan, Italy, and even Germany, paying
2 The General Certificate of Secondary Education is the standard British school-leaving qualification,
which pupils take at the age of 16.
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TABLE VI
LONDON POLYTECHNICS c.1901
1. Battersea Polytechnic
2. Birkbeck Literary and Scientific Institution
3. Borough Road Polytechnic
4. City of London College
5. East London Technical College
6. The Goldsmith’s Institute
7. Northampton Institute
8. Northern Polytechnic
9. Regent Street Polytechnic
10. South-Western Polytechnic
11. Woolwich Polytechnic
12. Sir John Cass’s Institute
substantial fees for the privilege (£35 per annum). It was the Central Technical
College which was to form the third component of the new Imperial College upon
its foundation in 1907, evolving into what is today its Faculty of Engineering.
We now come, finally, to the provision of technical education for London’s
working population. In the 1830s, there had briefly existed in London an institution
called ‘‘The Adelaide Gallery’’ after the wife of King William IV. This, while
ostensibly being an educational establishment, was devoted more to the exhibition
of new scientific instruments and curiosities than to scientific research or teaching.
In 1838, an imitation was set up on Regent Street in central London. Titled the
‘‘Polytechnic,’’ it functioned along similar lines but with the addition of occasional
popular lectures. Both institutions enjoyed periods of evanescent popularity and
prosperity but after a few years eventually went bankrupt. In 1880, a wealthy
philanthropist by the name of Quintin Hogg bought the Polytechnic’s disused
premises on Regent Street and reopened it under the same name but with a differ-
ent agenda.
The new Regent Street Polytechnic now operated as a centre for the improvement
of the working man with classes in science, art, and literature as well as physics
and chemistry laboratories, a library, a gymnasium, and various sporting, religious,
and educational clubs. Over 6,000 students enrolled in its first year; that number
had risen to 15,000 by 1900. Like Birkbeck’s Mechanics’ Institute half a century
before, the success of Hogg’s Polytechnic inspired the foundation of similar poly-
technics for the working population of London. In 1894, the London Polytechnic
Council was formed to administer and partially fund the polytechnics. This body
consisted of representatives from central government, the technical education board
of the London County Council and the City and Guilds Institute, ‘‘and its duty was
to consult as to the appropriation of funds, the organisation of teaching, the holding
of needful examinations, and the supervision of the work generally’’ [17, 40].
Several of the London Guilds were instrumental in the foundation and administra-
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tion of certain polytechnics; for example, the East London Technical College,
founded at Mile End in 1884 [58, 66], ‘‘steadily increased in numbers and influence
under the fostering care of the drapers’ company’’ [17, 40] while ‘‘the clothworkers’
company . . . also contributed £18,000 to the Northern Polytechnic at Holloway’’
[17, 41]. The Goldsmith’s Institute at New Cross in south London, founded in 1894,
‘‘owed its existence and its annual maintenance to the generous initiative of the
ancient guild whose name it bore’’ [17, 41]. The initial purpose of nearly all of these
polytechnics was to provide basic mechanical and manual instruction for the working
classes; but before long, more academic studies had been brought in to supplement
the technical training.
This increase in the general range and quality of polytechnic courses coincided
with significant alterations in the constitution of the University of London around
the turn of the century which established it as a teaching as well as an examining
university. These changes, resulting from the 1898 University of London Act, created
the distinction between ‘‘internal’’ and ‘‘external’’ students. The former studied
within the University for degrees awarded after the usual examinations, while those
in the latter category were taught elsewhere, before then being examined by the
University. As a consequence of this differentiation, the University’s new statutes
(which came into effect in 1900) permitted it to admit educational institutions of
a certain standard as ‘‘Schools of the University.’’
Naturally, University and King’s Colleges were included, together with many
others, such as Bedford College for Women. The Central Technical College was
also admitted as a University school in its Faculty of Engineering [58, 58]. But
perhaps the most remarkable consequence of the University’s new constitution was
the admission of three polytechnics as schools of the University by 1907, namely,
Birkbeck College, the East London College (now Queen Mary’s College), and
Goldsmith’s College. This move was all the more desirable since ‘‘there were during
the session 1906–1907 no less than eighty-six recognised ‘teachers of the university’
on the staffs of the London polytechnics and more than 750 students who were
working for London University degrees in the polytechnic classes’’ [17, 41].
6. CONCLUDING COMMENTS
This paper has aimed to survey the immense changes undergone in Britain’s
capital during the Victorian period. We have alluded to the great contrast in size
between the cities of 1837 and 1901, where the population grew from 1As to 4As million
people, and this is reflected in the huge increase in the number of institutions
relevant to our subject during the intervening period. London and its environs had
begun the Victorian era with a mere 3 institutions offering higher level mathematical
tuition. By the beginning of the 20th century, that number had increased to more
than 20, providing courses in mathematics no longer solely for purely academic or
military purposes, but also for other facets of society such as industry and commerce.
This paper has also shown that a study of mathematics education at the university
level can shed some light on social developments in the capital, particularly with
respect to women and the working class. The majority of the new institutions created
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in Victorian London were designed to improve the education of at least one of
these two groups, and these improvements to a certain extent mirrored the social
and political fluctuations which occurred during the period. The changes which
took place with regard to the mathematical education of women and the working
classes both reflected and participated in the alteration of both groups’ political
status between the beginning and end of our period. In 1837, both parties were
politically impotent, having no right to vote, but by 1901, much of the working
class population had received the franchise and even women could vote in local
government elections. However, it was the 20th century which would witness the
final progression (political and educational) which would aim to place women and
workers on an equal footing with the rest of the population.
If we now turn our attention to the general characteristics of advanced mathemati-
cal tuition in Victorian London, several distinguishing features become apparent.
One of the most striking is the number of prominent mathematical researchers who
earned a living by teaching the subject at this time. Certainly, the capital had more
than its fair share of the less academically distinguished as professors (such as Hall,
Drew, and Goodeve) but the fact remains that a remarkable number of top-rank
mathematicians were also involved. Little explanation is required for this phenome-
non, however. Throughout the 19th century, a mathematician could not support
himself by research alone. Academics were paid solely to teach, and research
constituted no part of a professor’s duties.
It is therefore hardly surprising that a considerable number of high-calibre Lon-
don-based mathematicians chose to earn their living by teaching mathematics. In
many cases, excellent researchers also proved to be equally successful teachers (for
example, De Morgan, Clifford, Henrici, and Pearson). However, just as effective
lecturing does not imply profound research, it is similarly true that not all skilled
mathematicians made good teachers (as witness Maxwell and Sylvester). This is
not to say that all mathematicians supported themselves by tuition: teaching ap-
pealed little enough to many of those engaged in it! Perhaps the best example of
a London-based mathematical researcher who preferred not to teach is Arthur
Cayley: he subsidised his research by working for 20 years as a lawyer. Even when
appointed Sadlerian Professor at Cambridge in 1863, his lecturing duties were kept
to an absolute minimum.
Table VII serves as an illustration of another peculiarity of London mathematics
at this time. The reader may have noticed the number of links and connections
between the various institutions provided by the migration of different pupils or
professors from institution to institution. For example, Sylvester was both a pupil
and professor of natural philosophy at University College, and later professor of
mathematics at Woolwich. Similarly, Clifford was a pupil of King’s and a professor
at University College. But not all connections are professorial: Hirst is linked to
both University College and the Greenwich Naval College having been professor
of mathematics at the former and Director of Naval Studies at the latter. While
the links with other locations would be equally interesting, it remains a testament
to the growth of university-level mathematical instruction in this period that so
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TABLE VII
LONDON LINKS
CLIFFORDU.C.L. KING'S
WOOLWICH
ROYAL
COLLEGE OF
SCIENCE
CENTRAL
TECHNICAL
COLLEGE
GREENWICH
BEDFORD QUEEN'S
O'BRIENHIRST SYLVESTER
ASHTON
HUTTON
DE MORGAN
HALL
HUDSON
GUTHRIEHENRICI GOODEVE
many mathematicians were able to spend so much of their careers teaching within
the same geographical area.
If we had to choose one locality outside London to see its connections with
the capital, the obvious place to pick would be Cambridge. A substantially high
proportion of the principal characters in this paper were, at some time in their
careers, associated with the Cambridge mathematical community, either as staff,
students, or both. Indeed it would be quicker to mention those involved in London
mathematics who were not Cambridge men (such as Hirst, Henrici, Crofton, and
Perry) than to list those who were. All the major London institutions of this period
had at least one Cambridge graduate on their staff. Moreover, at King’s College,
no professor of mathematics or natural philosophy was appointed throughout the
entire Victorian period who was not a wrangler. So the prevalence of Cambridge-
trained mathematicians is one more characteristic of 19th-century London mathe-
matics.
The dominance of University College mathematics has been stressed throughout
this paper and is another distinguishing feature of higher mathematical education
in London during the period. It can be no coincidence, therefore, that the great
majority of eminent scholars who also happened to be good teachers were associated
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at one time or another with that institution. But there is one further tendency,
prevalent not only in University College but in the other London institutions; that
is, an increased inclination towards applied mathematics. In 1837, to receive tuition
in ‘‘mixed mathematics’’ at either of the two academic London colleges, it would
have been necessary to pass through much of the grounding in pure mathematics
before one could begin to deal with its applications. At Woolwich, the majority of
the mathematics course was pure anyway, and the standard of the applied was
scarcely adequate.
As the century progressed, however, the availability of advanced classes in applied
mathematics rose sharply, especially with the inauguration of the technical colleges
and polytechnics towards the latter part of the period. In these new institutions,
thanks to the progressive methodology of professors such as John Perry, students
were taught mathematics to facilitate construction, design, engineering, and other
related disciplines, without reference to many of the abstract notions previously
considered prerequisite for the study of applied mathematics. In the older establish-
ments, the trend towards the applied side can also be detected. Most of the course
innovations at University College after the 1870s took place in the applied depart-
ment, while at Woolwich, the syllabus which had evolved by the 1890s was strikingly
more applied than its predecessors. Thus, by the death of Queen Victoria, both
the standard and availability of tuition in the applied branches of mathematics
had increased dramatically. Consequently, as Britain entered the 20th century,
mathematics in London was more accessible and of more service to its population
than ever before.
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